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Here’s What 
May Happen 
When You 
Get Careless 


In Inspections and Ad- 
justments of Control 
Devices and Ignore Pre- 
cautions Against Natural 
Wear and Tear 


HAVE just returned from a trip 

through some large industrial 
works where I always feel at home 
with the hum of machines all around 
~ and have a chance to chat with men 
who. talk about their work with an 
intimate knowledge of it and the 
pride of doing something of interest 
to a visitor who used to be one of 
them. Of the things I saw and. the 
things I was told there will be more 
later in articles soon to appear, for 
every man I visited had a method 
or a practical scheme that repre- 
sents hours of thought and has cured 
some particular trouble-making con- 
dition. 

But in one plant I saw this picture 
of an exploded armature that shows 
as nothing else can the thorns that 
prick the pride of the superintendent 
who works nights and days to pre- 
vent such troubles and is always 
urging his men to follow the pre- 
cautions of inspection and mainte- 
nance that will eliminate them. At 
first he did not want me to take the 
picture away, but I convinced him 
that it was no reflection on him that 
this one accident had occurred over 
a long period of time and that it 
would enable me to call the attention 
of others-to the fruits of-careless- 


‘ness. 





Then he told me what hap- 
pened and it was this: 


The armature shown in this picture 
was taken from the hoist motor of one 
of our cranes. The motor is controlled 
by dynamic braking when lowering the 
load. The collector rails supplying this 
motor are trolley wires instead of the 
more modern angle-iron or bar-type 
collector rails. At the time this arma- 
ture failed, the motor. was lowering a 
very heavy load. Just when the hook 
speed became normal one of the trolley 
wires in the dynamic circuit broke and 
the armature ran away. The shoe brake 
should have prevented the runaway, but 
it was adjusted so loosely that it was 
ineffective. ; 

In this particular plant inspection: 
requirements are rigidly outlined and 
every man knows that failure to 
follow them calls for immediate dis- 
missal. But in this case the inspec- 
tor became careless and took one of 
those chances that are never safe to 
men or machines. The blame was 
easily placed and the prevention so 
simple with thorough inspection and 
proper adjustments that the same 
accident will not happen again unless 
similar carelessness: and indifference 
to inspection requirements creep in. 
And this is hardly probable for a 
long time, as ‘the actual results of 
an accident like this leave an indel- 





ible impres- 
sion on a 
maintenan ce 
force and }— -— 
prove the “aia J 
time worn és 
saying about an ounce of prevention 
and the pound of cure. | 

Let me say then to you men in 
charge of inspection—Follow the in- 
structions of your boss and discuss 
them afterwards. Remember that he 
cannot do his job and yours, too, and 
that you owe it to yourself, your 
family and the company that pays 
your salary to be as careful, thor- 
ough and ‘persistent in preventing 
troubles as you are in correcting 
them. Some day when you are the 
boss you will expect this of your men 
and the best way that I know to 
prove that you have the ability for 
a better job is to help your present 
boss to prevent accidents, avoid 
breakdowns and make improvements 
which will save the trouble and 
money that he knows and’ you know 
will result. ; 


Coetieal CAC | 
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A Glimpse Into 
The Goodyear Tire and Rubber Company 


and 300,000 pairs of rubber heels, in addition to large quantities of rubber belt- 
other rubber products, are produced daily in their extensive plants. 


Where 32,000 rubber tires, 37,000 tubes 
ing, hose, packing and many 


JT AST YEAR at the Akron, Ohio, 

plant of the Goodyear Tire and 
Rubber Company 12,000,000 kilo- 
watt-hours of electrical energy were 
generated and used in the manufac- 
ture of numerous rubber products. 
In addition, the Los Angeles, Calif., 
plant used about 10,000 horsepower 
and the Canadian plant 5,000 horse- 
power daily. The milling of the rub- 
ber in the processing of the crude 
material to the compounded form 
which is used in manufacturing re- 
quires the largest amount of power 
of any other operation in this in- 
dustry. 

The manufacturing plants of 
the Goodyear Tire and Rubber Com- 
pany have a total floor space of 
7,250,000 sq. ft., or 166 acres. If 
this were laid out on one floor it 
would be over one-fourth of a mile 
square. This company started pro- 
duction in 1898 and by the year 1902 
had reached an output of 5,000 tires 
per year. Last year, it produced 
9,250,000 tires and up to date, has 
produced over 60,000,000 tires. In 
addition, in 1923 the Goodyear Tire 
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Before use the fabric must be per- 
fectly dry. 

As the fabric passes over the heated 
rolls it is theroughly dried. The rub- 
ber industry uses altogether about 
450,000 bales of cotton each year, of 
which the Goodyear Company alone 
uses about 75,000 bales. 


Vol.82, No.4 


it produced 8,000,000 ft. of belting, 
25,000,000 ft. of hose and over 
2,500,000 Ib. of packing and similar 
products, not including molded goods. 
This list, however, does not include 
all the rubber products produced. 
The rubber industry and_ its 
growth is closely related to the rapid 
growth of the automobile industry. 
The increased demand for automo- 
bile tires has been one of the larg- 
est factors in the growth of this in- 
dustry. Crude rubber is practically 
all imported from South America, 
Ceylon, Borneo and the Malay Pen- 
insula. It is made from a milk or 
gum obtained from a tree. In 1923, 
about 305,000 tons of crude rubber, 
or 80 per cent of the entire world’s 
consumption were used in the United 








and Rubber Company placed on the 
market 81,000,000 pairs of rubber 
heels, which is more than enough to 
equip the shoes of each adult in this 
country with a pair of heels. Also, 


Plant No. 1 at Akron, Ohio, and the 
Goodyear Cotton Mills at Goodyear, 
Conn. 

The Goodyear Tire and Rubber Com- 
pany, not only has its own factories 
but also has its own cotton mills in 
Connecticut and cotton plantations in 
Arizona. The payroll of this company 
was over $30,000,000 in 1923. The 
total output in 1923 of all the Goodyear 
plants was 237,000,000 Ib. of rubber 
products. 
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States. Of this, Goodyear consumed 


about 50,000 tons. In addition to 
the rubber large quantities of cotton 
are also used to form a base on 
which to deposit the rubber, as in 
tires, hose and belting. The total 
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consumption of cotton by the rubber 
industries in 1923 was 450,000 bales 
of which Goodyear used 75,000 bales. 

During the past ten years, this 
industry has grown to be one of the 
largest in (Continued on page 210) 


Three operations in the manufac- 
ture of rubber products. 


In the milling of rubber (upper left 
illustration) a large. amount of power 
is consumed as the rubber is worked 
under powerful rolls under high pres- 
sure. Notice the safety stop or trip by 
which the operator can, by grasping it 
with either hand, stop the machine in- 
stantly. In the manufacture of rub- 
ber tires (above) much of the work 
is done by machines. This has resulted 
not only in increased production per 
man, but in better tires. The illustra- 
tion at the left shows one of the large 
presses used in the manufacture of 
rubber belting. Last year, 8,000,000 ft. 
of belting were made.by this company. 


The two main factories of the 
Goodyear Tire and Rubber Com- 
pany at Akron, Ohio. 


Factory No. 2, in the foreground, and 
No. 1 in the distance (also shown on 
the opposite page), are the two main 
factories of the Goodyear Tire and 
Rubber Company. In addition, other 
large factories are located in Los An- 
geles, Calif., and at Bowmanville, Ont. 
In the two plants shown below the ma- 
chines and equipment are driven by 
2,600 electric motors with a total rat- 
ing of 74,157 hp., and ranging from 
%- to 750-hp. rating each. 





Practical 
Operating Details of 


Roller Bearing Service 
In Mill-Type Motors 


Together with Improvements in Operation and 
The Results of Experience Obtained Under Severe 
Service Conditions in Steel Mills 


By L. J. HESS 


Chief Electrician, Youngstown Sheet & 
Tube Company, Youngstown, Ohio. 


HE POSSIBILITY of adapt- 

ing- some form of anti-fric- 
tion bearing to mill motors 

has long been apparent to steel mill 
engineers, but they have been slow 
to experiment with or adopt either 
ball or roller bearings. Heavy load 
shocks from reversal and plugging, 
added to the ever-present distrust of 
innovations, ._has retarded experi- 
ment along this line and has caused 
the use of such bearings to progress 
very slowly. In this article I shall 





not attempt to discuss ball bearings 
beyond pointing out that they have 
been successfully applied to various 
types of motors, among which the 
mine locomotive probably has the 


heaviest duty, nor treat the subject - 


in a general way, but will tell of my 
experience with a particular type of 
roller bearing which has given very 
satisfactory service on slow-speed, 
heavy-duty, mill motors. 


In the application of roller bear- - 


ings to motors already in service the 
first problem to be solved is one of 
design. In the case of the mill-type 
motor the bearings must be so con- 
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The armature shaft of this motor — 
runs on roller bearings. 


The motor drives one of the runout 
tables of a skelp mill. As will be 
noticed the table rollers are driven 
through bevel gears from a lineshaft, 
the lineshaft in turn being driven by 
the motor shaft through one gear re- 
duction. This application is subjected 
to rapid reversal or plugging, and to 
the customary dirt and heat of the 
steel mill. The motor shown is a 
‘Crocker-Wheeler size FW, and_ the 
bearings on it are similar to those , 
shown in the following illustrations. 





structed that they will fit in the 
present frame, inasmuch as ° a 
change of frame is obviously -not 
possible. This is a real problem for' 
the designer. He must carefully 
consider the spacé available, the 
load to be carried, the effect of pin- 
ions and brake wheels, and keep 
constantly in mind the fact that he 
must use manufacturers’ standard — 
parts. He must decide which type 
of bearing is to be used: the spring- 
roller type in which the roller is in 
reality a very heavy spiral. spring 
accurately ground to size on the out- 
side; the taper solid type in which 
two sets of solid taper rollers in 
taper races oppose each other;: or 
the cylindrical solid-roller type in 
which the rollers are confined in cyl- 
indrical races. The design of the 
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shaft also enters into the problem as 
it will be readily seen that any bear- 
ings of the roller type must be a 
snug, although not tight, fit on the 
shaft, for the hardened inner race 
must slip easily onto the shaft. 
There must, however, be no play or 
the race will soon wear its way into 
the shaft. Again, it is necessary 
that the journal be accurately ma- 
chined and it is not possible to fit 
roller bearings on old shafts nor on 
new ones from the factory because 
grinding to size is essential. Heat 
treatment of shafts is also desirable 
in order that the surface may be 
harder and tougher so as to with- 
stand the action of the race. Using 
a steel with 0.50 per cent of carbon, 
quenched in oil at a temperature of 
1,500 deg. F. and drawn back to 850 
deg. F., a shaft is obtained which is 
tough and moderately hard, with the 
added benefit derived from refine- 
ment of grain and improvement of 
the breaking strength. In case the 
motor manufacturer’s standard 
shaft has the same size journal as 
pinion fit, it is necessary to increase 
this journal size 0.010 in. in order 
that the race may clear any slight 
burrs caused by pulling off pinions 
or brake wheels. This causes no in- 
convenience, for as was mentioned 
before, a new shaft is necessary any- 
way. In this particular design of 
bearing the question of the fit on 
the outside of the bearing is not so 
important, as it is securely clamped 
between the two halves of the shell. 
The inner fit has to be exactly right. 
I may say that so far as hardening 
of the shaft is concerned, we do not 
confine this to roller bearings alone. 
All of our shafts are hardened in 
the manner mentioned above. We 
find it is beneficial to put in a hard- 


ened shaft whether babbitt or roller . 


bearings are used. 

Our first installation of roller 
bearings was made on a Westing- 
house series crane motor used for 
hoist service. These bearings were 
obviously an effort to adapt an au- 
‘tomobile-type bearing to motor serv- 
ice. This attempt was unsuccessful, 
however, probably due to the lack of 
study of the problem involved and to 
the fact that the manufacturer who 
_ furnished them was at that time re- 





This.is a closeup view of the other 
end of the motor shown in the il- 
lustration at the beginning of. this 
article. , 


A grease cup is used to supply grease 
to the bearing, because the. best of 
grease evaporates to some extent and 
the addition of a certain amount of 
fresh grease is of value. 
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THIS IS THE SECOND of a 
series of articles on bearings 
of the sleeve, roller and ball 
designs, that will give the ad- 
vantages of each compared 
with the others from the 
viewpoint of meeting the 
wide range of service condi- 
tions encountered in indus- 
trial work. This article on 
roller bearings was expanded 
and amplified by the author 
from a paper which he read 
before the Association of 
Iron and Steel Electrical En- 
gineers. INDUSTRIAL ENGINEER 
invites users and manufac- 
turers to contribute their 
comments on the informa- 
tion presented in this article 
and in the other articles of 
this series. Comments relat- 
ing to the improvement in 
bearing operation that ac- 
tual service has shown, are 
especially invited.—Epirors. 




















designing his bearings. This try-out 
occurred about six years ago and as 
it was unsuccessful was followed by 
a period of inaction. 

This failure convinced me that a 
great deal of experimental work was 
necessary in order to develop satis- 
factory roller bearings for mill mo- 
tors. During the full swing of the 


wartime rush few manufacturers of 
roller bearings were in a frame of 
mind to give time or thought to the 
One, however, realized the 


matter. 
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possibilities and: took the time to do 
some pioneer work. His bearing 
was of the cylindrical, solid-roller 
type and seemed well fitted for use 
on small motors. His engineers. un- 
dertook to make the necessary de- 
signs and build the bearings. These 
solid-type roller bearings were ap- 
plied to a Crocker-Wheeler size EW 
series motor driving, in tandem with 
a similar motor, the bridge of a 
100-ton hot metal crane in a mixer - 
building. This installation was a 
marked success. Previously on this 
drive a four-months run on babbitt 
bearings was considered good, while 
frequent armature changes, broken 
bands and flat spots were the rule. 
At the time the roller bearings were 
applied the commutator of the arma- 
ture was badly worn and had an es- 
timated life of three months with 
babbitt bearings. The winding was 
in such condition that the installa- 
tion of a new commutator meant re- 
winding. After the roller bearings 
were installed the armature was put 
in service in April, 1918, and it ran 
for about nine months, or. three 
times its estimated life on babbitt 
bearings, before the commutator 
started to throw bars. The arma- 
ture was then rewound, a new com- 
mutator installed and except for 
possibly three months during which 
time minor electrical repairs have 
been made, this armature has been 
in continuous service. No trouble 
with the bearings has developed nor 
has any grease or oil leaked onto 
the commutator or windings. A re- 
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cent inspection of these bearings 
shows that they have worn about 
0.004 in., which is the ordinary tol- 
erance for a new babbitt bearing. 

The next development came in 
bearings suitable for Westinghouse 
type K motors, which the manufac- 
turer equips with a bronze, sleeve- 
type bearing. A difficult problem 
confronted the designer in this case 
for obviously a roller bearing will 
not go in the space provided for a 
thin bronze-sleeve bearing. But by 
making a new head, which in the 
case of the type K motors is a com- 
paratively small casting, it was pos- 
sible to design a satisfactory bear- 
ing. These bearings were installed 
and have given such good service 
that, while they have not been in use 
as long as the others, we have every 
reason to believe they are just as 
good. 

We had some difficulty in getting 
the first set of bearings which were 
sent to us into the frame, as the oil 
well core had slipped a little. The 
bearings were designed so closely 
that they would not go in. It was 
necessary for us to do some chip- 
ping but it did not take long to cor- 
rect that error. The Westinghouse 
type K motor is clearly an example 


of what can be done to improve a- 


decidedly difficult problem in motor 
lubrication. 

The success of these second and 
third applications encouraged the 
trial of other sizes and at present 
roller bearings have been developed 
for Crocker-Wheeler type SM, sizes 
CW, DW, EW, FW, and Westing- 
house type K, No. 3, 4, 6 and 8 frame 
motors. These bearings we carry in 
stock and as fast as repairs to arma- 
tures necessitate new shafts and the 
repair record of the motor indicates 
the necessity of roller bearings, they 
are put on. There is one slight dis- 
advantage connected with the use 
of these roller bearings, in that they 
cannot be so readily changed as the 
ordinary split sleeve bearing. We 
do not attempt to change them out 
in the mill; all bearings are changed 
and put on the armature in the shop, 
as we found by long experience that 
the other method does not pay. Like- 
wise, when a pinion change is re- 
quired, a complete armature with 
new pinion is changed instead. Pin- 
ions are changed only in the shop 
where proper facilities for making 
such changes are provided. 

In Fig. 1, illustration 1, is shown 
a section of two of these bearings 
applied to an EW motor armature. 
The frame of the motor has not been 
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altered in any way. 
4 in. in diameter for the pinion fit 
and 4.010 in. where the bearing fits, 
and is ground to size. The two mal- 
leable iron halves are held. together 
by cap screws and clamp the outer 
race tightly, which serves to keep 
the alignment. The space between 
the outer and inner races is com- 
pletely filled with the rollers, no 
spacing cage being used. The thrust 
collar bears against the outer race, 
which is slightly wider than the in- 
ner one, thereby freeing the inner 
race of any tendency to transmit 
the thrust through the rollers. Re- 
ferring to Fig. 1, illustration 1, the 


The shaft is 





Fig. 1—Roller bearing applied to a 
Crocker-Wheeler type SM, size EW 
motor. 

In the cross section of the bearing 
shown in illustration (1) the items are 
lettered to correspond with the parts 
shown in illustration (2). A is the 
frame of the motor; B is the shaft; C 
and D are held together by the cap 
screws E and clamp the outer race F; 
G are the rollers; H is the thrust col- 
lar which bears against the outer race. 
The thrust is transmitted from the 
shaft through the sleeve K, to collar J, 
through roller thrust J, to collar H, and 
thence to the outer-shell. In illustra- 


tion (3) the bearings are shown as- 
sembled on the armature shaft as it 
would leave the repair shop. 
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‘thrust is transmitted from the shaft 


through sleeve K to collar J, 
through roller thrust J to collar H, 
and thence to the outer shell. The 
inner race is prevented from turn- 
ing on the shaft by the feather key 
N, and is a snug slip fit on the shaft, 
allowing it to move laterally so the 
thrust bearing can operate, by tak-. 
ing the thrust around the outside of 
the rollers. Recent experiments 
lead us to believe that thrust bear- 
ings will not be necessary in any 
size motor unless some abnormal 
condition is encountered. The thrust 
bearing locks the armature in one 
position so that it is not free to os- 
cillate and find its magnetic center. 
It is better to provide for a floating 
action of the armature by having 
the outer race made slightly wider 
than the inner race. Felt rings pre- 
vent the grease from leaving the 
bearing and any. grease which 
reaches the trap is_ sent back 
through a drain channel to the bear- 
ing. _ The bearing is filled with 
grease through a pipe to which a 
grease cup is attached. At the com- 
mutator end it will be noticed that 
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the inner felt rings do not bear on 
the shaft but instead bear on an ex- 
tension of the armature quill, which 
is not shown. These bearings are 
duplicates and can be assembled end 
for end. In Fig. 1, illustration 2, 
are shown the parts of the bearing 
lettered to correspond to the cross 
section of illustration 1. 
illustration 3, is shown an EW ar- 
mature assembled complete with 
_bearings ready to go on the mill 
spare rack. 

In Fig. 2 is shown a section of 
a type K, No. 8 frame Westinghouse 
motor armature. The shell, A, in- 
stead of being a bearing shell is the 
head of the motor and is held to the 
motor by cap screws exactly as the 
head which is furnished by the 





Fig. 2—This is the assembly of a 
roller bearing for the No. 8 type 
K Westinghouse motor. 


In illustration (1) the sections of the 
bearing are lettered to correspond with 
the parts shown in illustration (2). A 
is the head of the motor; B is the 
shaft; C is clamped to A by the cap 
screw E and thus clamps the outer race 
F'; G are the rollers; H is the thrust 
collar which bears against the outer 
race. The thrust is transmitted from 
the shaft through the sleeve K, to col- 
lar J, through roller thrust J, to collar 
H, and thence to outer shell. In illus- 
tration (3) the bearings are shown 


assembled on the armature shaft. 











In Fig. 1,. 
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THREE HUNDRED sets of roller 
bearings are now in operation and 
practically no failures have resulted. 
From my experience with these roller 
bearings, I have found that their use 
offers the following advantages: 


1. Electrical repairs to commutators 
and windings are greatly reduced be- 
cause fully 50 per cent of these 
troubles start from oil and _ grease 
working their way onto the commu- 
tator and front V ring. With roller 
bearings the grease is entirely con- 
fined within the bearing shell. 

2. Commutator wear is materially 
reduced because there is no jumping 
of the armature due to loose bearings, 
with its tendency to cause flashing and 
consequent flat spots. The shafts also 
are longer lived because the only 
wear on them is in the keyways. 

3. The fact that the armature is, held 
constantly in the center. of the mag- 
netic field helps to make the current 

e 








Eight Advantages of Roller Bearings 





distribution uniform, thereby reliev- 
ing the equalizer connections of ab- 
normal duty. 

4. Broken bands 
are unknown. 

5. Pinions are kept accurately in 
mesh and crowding of the teeth with 
consequent strain and vibration is 
eliminated. 


due to rubbing 


6. Expense of inspection is some- 
what reduced due to better commu- 
tation and less attention required for 
lubrication. 


7. The cost of lubricants is reduced 
to an almost negligible figure as the 
bearings consume practically no 
grease. 


8. Because of the reduction in re- 
pairs it follows that not only is la- 
bor and loss of time in the mills dur- 
ing armature changes reduced, but 
also the delay time charged against 
the electricians. 

















manufacturer. The other parts of 
the bearing are lettered the same as 
in Fig. 1 and can be readily identi- 
fied. This bearing is also furnished 
with a padded housing to carry a 
brake. Except for this feature 
these bearings are interchangeable 
end for end. In Fig. 2, illustration 





Z, are shown the parts of the bear- 
ing lettered to correspond with the 
cross section in illustration 1. In 
illustration 3 is shown the No. 8 
type K armature assembled com- 
plete with the bearings. In another 
illustration are shown the parts of 
the bearing for the No. 3 type K 
armature. This bearing has no 
thrust collar or bearing, inasmuch 
as the rollers and races are them- 
selves ample to take care of the 
thrust on the small size motor in 
which they are used. 

The lubrication of the bearings is 
a very simple matter as practically 
no grease escapes. Once a week the 
grease cup is given one turn. The 
grease used is No. 3 Keystone or its 
equivalent.. It is important to see 
that a good quality of grease is used 
for lubrication. A semi-fluid grease 
has been found best. Some trouble 
has been experienced in that subse- 
quent shipments of grease of sup- 
posedly the same quality have not 
had the same characteristics. This 
trouble has -been overcome by hav- 
ing roller bearing grease tested be- 
fore use. Any grease showing the 
presence of fibrous material, filler or - 
tale is promptly rejected as it will 
ruin the bearings. A temperature 
test is applied to see whether the 
grease maintains the same consist- 
ency throughout the temperature 
range that a roller bearing is nor- 
mally expected to work at. One time 
a set of bearings failed because one 
of the men filled the bearing with 
cheap grease which had in it a large 
percentage of filler of a non-lubri- 
cating nature. The bearing soon 
started to heat and the thrust was 
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These are the parts of a roller 
bearing for a No. 3 type K West- 
inghouse motor. 

This bearing has no thrust bearing or 
collar, inasmuch as the rollers and 
races are themselves able to take care 
of the thrust on the small size motor 
in which they are used. 





ruined, although the main bearing 
was not damaged. These bearings 
consume very little grease and I was 
once asked why I put on grease cups. 
The chief reason is that if bearings 
which are not fitted with grease 
cups should start to heat there 
would be no way of putting grease 
in them. We often find that the best 
of grease evaporates to some extent 
and that the addition of a certain 
amount of fresh grease is of consid- 
erable value. 


Three hundred sets of roller bear- 
ings are now in operation and prac- 
tically no failures have resulted. 
From my experience with these 
bearings I have found that their use 
results in reduced electrical repair, 
diminished commutator wear, re- 
duction of band breakage, less pin- 
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ion maintenance, reduced expense 
for inspection and lubrication, and 
less delay time charged against the 
electricians. These statements are 
amplified and explained in the box 
tabulation shown on page 167. 

In my opinion the extra expense 
of anti-friction bearings is more 
than justified in the savings effected 
in repairs. As an example, the first 
installation which I described ran 
three times as long as we had any 
reason to estimate it would. This in 
itself probably paid for that set of 
roller bearings and the set is still 
in service and is going to run a long 
time unless poor grease or an acci- 
dent puts it out of commission. Be- 
fore roller bearings were installed 
in the motors in the plant with 
which I am connected, there were an 
average of 165 to 175 armatures at 
a time in the shop undergoing re- 
pairs. Since roller bearings have 
been installed the highest number of 
armatures in the shop at any one 
time was 125 and the average num- 
ber is 100. I do not know of any 
condition that could cause this re- 
duction of armature failures, other 
than the application of roller :bear- 
ings. I am convinced, therefore, that 
the mill-type motor with — babbitt 
bearings will be supplanted soon by 
the roller-bearing motor. It, has 
been proven to my entire satisfac- 
tion that by careful designing, 
roller bearings can be applied to 
practically any motor at a saving 
that will soon repay ‘the extiéa,ini- 
tial cost. When this is fully. appre- 
ciated by mill. engineers, -a8.’ft is 
now by some, roller bearings will be 
written into motor specifications. 





The motor shown. in this applica- 
tion. has roller bearings on its: ar- 


mature.shaft. .*; 

_ In“tHe illustration at, the top are shown 
the’ service gonditions under which the 
motor operates. The drive is located in 
a@-pit’at one end of the soaking pits of 
a blooming mill. .The.motor drives a 
-Sheave wheel through two gear reduc- 
tiotis. . The sheave wheel pulls a cable 
whith draws an ingot buggy carrying 
the ‘ingots from the soaking pits to.the 
mill ‘approach table. . The drive is sub- 
jected, to plugging and sometimes to 
‘inching’ the buggy a short distance. 
In the bottom illustration the closeup. 
view shows the dirt, grease and oil 
which surround the drive. 
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PROPER LOCATION and systematic number- 
ing of the bins in the storehouse will save 
many steps and much time in locating mate- 
rial. Naturally the section located nearest the. 
disbursing counter should be given over to the 


most frequently used materials. 


Infrequently 


used items are farthest away and their location 
ean be quickly determined by looking up the 
bin number in the material index. 


Step by Step 
Details for 


Obtaining Equipment and 


Supplies for Maintenance 


Of an Industrial Works, together with Methods of 
Storing and Accounting for the Material from the 
Time It Is Received Until It Is Used 


By J. ELMER HOUSLEY 


Electrical Engineer, Aluminum Company 
of America, Alcoa, Tenn. 


HE FUNCTION of the store- 
keeping department of an 
industrial plant may be com- 

pared to the service performed by a 
single large department store sup- 
plying a city. The size of the de- 
partment store and the kind of com- 
modities handled are determined by 
the requirements of the customers. 
Considering the single unit of elec- 
trical stores, the requirements of 
such a-department are analyzed: by 
the same methods that the merchant 
would use. Success is measured by 
the quality of service given. Real 
, Service means that there must be 
maintained at all times'an adequate 


supply of materials for construction 
and maintenance work in the plant. 
The rate of turnover must be 
watched on all items in regular use 
and the wants. for special jobs and 
seasons must be anticipated. Under 


centralized control of the purchas- 








THIS ARTICLE TELLS how the 
industrial plant. organization. de- 
termines what material it will need 
in the future, what is done to ob- 
tain it, how the required material 
is gathered from. a great variety 
of sources, how it is stored until 
a breakdown requires a particular 
repair part or the ‘material is 
needed in.the construction of a 
certain job and how the given 
material is kept track of, fromthe 
time the need ‘for it is foreseen 
until it is actually used on the job. 
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ing agent materials are collected 
from jobbers, manufacturers, sales 
agents and other dealers, checked, 
and put in stock until ready to be 
utilized on the job. 

The centralized control of ma- 
terial in a general storehouse is a 
great advantage over the method of 
having each plant department store 
the materials required by that de- 
partment. Loss of material is min- 
imized, duplication of stocks is elim- 
‘inated and. overhead is cut down. 
Access to the material is not obtain- 
able except by those regularly em- 
ployed in the storeroom. 


STOREHOUSE EQUIPMENT SHOULD BE 
ARRANGED CONVENIENTLY | 


The physical equipment of the 
storehouse of the plant in question 
consists of sectional type of metal 
framework arranged to form bins. 
The size of the bins is adjustable 
and may be changed as the stocks of 
given items carried, may change. 
These bins are arranged in stacks 
placed back to back with an aisle in 
front-of each stack. At a convenient 
eounter height is an extension shelf. 
This gives more space in the bins 
below the shelf and also provides 2 
convenient place for material’ when 
checking, or the shelf may be used 
as a step in reaching the higher 
bins. The construction of the equip- 
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ment is such that a shelf may be 
changed to a bin simply by adding 
a bin-front attachment, or the 
shelves may be split up into any de- 
sired arrangement by crosswise or 
lengthwise dividers. Drawers of 
various sizes are provided to fit on 
part of the shelves. On each bin 
shelf or drawer is a_ cardholder 
which carries the bin number and a 
description of the material :ocated 
in that compartment. 

Near the rear of the storeroom, 
shelves are provided for the material 
that is too large to be conveniently 
stored in bins. The two sections 
nearest the counter or window 
through which material is delivered 
are given over to the most commonly 
used items such as bolts, nuts, and 
screws. Then comes the fuse link 
and fuse stock section. The next 
section provides for conduit fittings, 
wiring and insulating materials. 
The fifth section provides for com- 
pensator fingers and contacts, repair 
parts for control equipment of elec- 
tric trucks, locomotives, elevators, 
and other small drives. The next 
section is utilized for line hardware, 
insulators, and also potheads and 
. Other lead cable fittings. Shelves to 
one side and to the rear of the bin 
section are used for safety switches, 
meters, current transformers, light- 
ing fixtures and reflectors. A reel 
of No. 14 wire is kept in this sec- 
tion. All other wire and cable, in- 
cluding a large stock of round and 
rectangular magnet wire for re- 


This diagram shows how the de- 
sired material gets from the store- 
house to the job and how the 
proper department is charged for 
the material. 





winding motors, is kept on the third 
floor of the storehouse. On the 
fourth floor, space is provided for 
compensators, motors and_ small 
transformers. The large trans- 
formers are kept outside in a crane 
yard as they are built for outdoor 
service and are not affected by 
weather. It is very essential to 
store motors and compensators in a 
heated building during the winter 
in order to prevent them from 
sweating, for moisture in the air 
condenses on the metal parts and de- 
teriorates the insulating materials 
and rusts the iron parts. Small and 
valuable items such as flashlights 
and flashlight parts are kept under 
lock in the storekeeper’s office. Ma- 
terial that is likely to be stolen, such 
as lamps, is kept in a “lock up” sec- 
tion of the main storeroom. All 
lamps are marked with the company 
name by means of an etching fluid. 

Arrangements are made for con- 
venient handling of the material 
both into and out of the storehouse 
and to the place where it will be 
used. Motors and compensators are 
handled by hand trucks and by plat- 
form lift trucks or handled on roll- 
ers using the skids attached to the 
motors for shipment. Incoming ma- 
terial may be handled directly from 


a railroad car at the storeroom dock 
or from a motor truck or industrial 
electric truck along the same dock. 
A monorail carriage with a 1-ton 
chain block is provided for unload- 
ing purposes. Motors weighing over 
2,000 pounds are stored in a wing 
extending from the main floor of the 
storehouse, which also houses rough 
stores such as small castings, shaft- 
ing, sheets, conduit and pumps. 

The delivery of material from the 
storeroom to the jobs scattered over 
the large area of the plant is handled 
by electric industrial trucks. 


PROCEDURE FOR OBTAINING MATERIAL 
FROM STOREHOUSE 


Withdrawal of electrical material 
can be made only by those in author- 
ity in the Electrical Department, or 
at night by the night master me- 
chanic. Several sample signatures 
are furnished the storekeeper from 
each authorized person. Usually 
these will be the electrical engineer, 
chief electrician, office assistant, 
shop foreman and construction fore- 
man. A storeroom requisition, or 
store ticket, signed by one of these 
men is taken for every lot of ma- 
terial issued from the storeroom. 
The storeroom requisition blank 
shown in one of the illustrations 
provides space for the job number. 
Whether the job is regular repair 
and maintenance, special repair and 
maintenance, or construction, is in- 
dicated by the series of numbers 
used. Space is provided for the 
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quantity and description of the ma- 
terial. The price extensions are 
made by the record clerks in the 
Record Department. 

The procedure in putting through 
a storeroom requisition, except for 
very small items passed over the 
counter on presentation of a requisi- 
tion, is as follows: The foreman 
telephones to the order clerk in the 
storehouse, giving his name, job 
number, the building station num- 
ber where the material is to be de- 
livered, and the quantities and items 
desired. The storehouse clerk takes 
the requisition, assembles the items 
and places the requisition in a 
binder which has the building num- 
ber stamped on the outside. The 
truck driver gathers the material in- 
tended for the buildings on his as- 
signed route, loads up his truck and 
takes the material to the point desig- 
nated as the station shown on the 
requisition. The mechanic on the 
job signs for the material. Hence 
it is seldom necessary for a me- 
chanic or helper to leave the job to 
secure material. 

The record of storehouse transac- 
tions is handled by a sort of clearing 
house called the Record Department. 
A card index system covering every 
item in stores is arranged to form a 
perpetual inventory. Receipts and 
withdrawals of material are entered 
on the cards and each card is bal- 
anced to show the amount of that 
item remaining. in the bin. Each 
card is marked with the bin number 
housing that item. The bin and 
shelf divisions are lettered alpha- 





This form is used for returning 
material to the Storehouse. 


This is known as the returned material 
report or credit memorandum. By the 
use of this form. the Storehouse ac- 
knowledges the return of the material 
and the Accounting Department cred- 
its the job or department from which 
the material was returned. 


Material is obtained from the 
Storehouse on this requisition. 


This is known as the storeroom requi- 
sition or store ticket and is the au- 
thority for the Storehouse to dis- 
burse the required material. This form 
also shows the Accounting Department 
what job or department is to be 
charged for the material requisitioned. 





betically, a letter to each side of a 
double stack of bins, and the bins 
are numbered from one up on each 
side of the stack. If a material item 
card states that the material is lo- 
cated in bin H2, it is a simple mat- 
ter to walk to the rear side of the 
fourth section and reach the item on 
the top row of bins, the second bin 
from one end of the stack. The in- 
voice is used for entering the items 
on the record cards together with 
the cost of that lot of material. The 
date of entry is noted on the card. 
The withdrawals are entered from 
storeroom requisition blanks with 
the date of requisition noted. The 
additions and subtractions are bal- 
anced at all times and the quantities 
of any given item may be known at 
once by referring to the material 
card. A valuable function of this 
card is to furnish information as 
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to the rate of consumption of ma- 
terial over any given period. This 
will be considered later. 

Since the cost of different ship- 
ments of the same item may vary, 
the average cost is used in pricing 
the storeroom requisitions. After 
the quantities are entered on the 
record card ‘the storeroom requisi- 
tion is sent to the Accounting De- 
partment, where the items and 
costs are entered in the accounts 
against each job number. In this 
way accurate costs are obtained for 
any construction, repair or opera- 
tion job. Material which is left 
over on a job, if in good shape, is 
returned to the storeroom with the 
“Returned Material Report” blank 
shown in anaccompanying illustra- 
tion. This form gives the shop 
order number or the department 
to be credited, together with quan- 
tities and description of items. 


WHEN AND HOW THE PURCHASE OF 
SUPPLIES IS AUTHORIZED 


One of the most interesting and 
difficult phases of maintaining elec- 
trical stores is the determination 
of stock requirements. The store- 
keeper is required to maintain a 
stock of the staple articles which 
are in every day use and consumed 
at a definite rate. The “ordering 
point” or the minimum stock on 
hand when more material should 
be reordered, is determined by the 
storekeeper, the electrical engineer 
and the chief electrician. The fac- 
tors considered are the nature of 
the material, the quantity normally 
consumed in ninety days, the pre- 
vailing delivery schedules and 
whether the market is advancing or 
declining. The quantity to be ordered 
is usually the consumption for the 
previous ninety days. 

The repair parts, whether special 





















































© puesto teat RETURNED MATERIAL REPORT | 
2 DAR i ee 
© COST DEPARTMENT + ea . 
ARTICLES BELOW HAVE THIS DAY BEEN RETURNED TO STOREROOM 
: | ee Oa Eee : : Sea OUT.” ACT MO 
: When Supplies Are Returned,’ Foremisn Will Fill in Dept; When-Matetial, Show Shop Onder No. = : ; 
: Pie Oae: ocak "Serle, Sine + Fer Office Use 
|” en Kind Deseription 
Block | Bin : Price Amount 
PP SPENT  B g ; gas" eel : ps ae istincli 
ie ee eo Rerumed by _. be ae ben a 2 a be abe 
Nee Se se Received: by 3 Boyer tre 


























How Orders for Material Start and Path They Take 
Through the Works | 


Including the Steps by Which Equipment and Supplies Needed for New Work, Operation, and Maintenance Are Secured and 


Delivered to the Works. 





CHIEF ELECTRICIAN 


Originates purchase re- 
quisitions for electrical 
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The Numbers in the Diagram Indicate the Sequence of These Steps 











STOREKEEPER 
Originates purchase requisi- 
Siete to maintain stock of. 
materials originally specified 
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MASTER MECHANIC 


Originates purchase re- 
quisitions for mechanical 
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or regularly used, are specified on a 
purchase requisition by the chief 
electrician who is in close touch with 
the repairs under way. The quanti- 
ties used during a given period are 
subject to erratic variations. These 
are influenced by conditions in the 
operating department, the labor 
turnover (indicating the number of 
green operators), and the skill and 
morale of the repair organization. 
With such items as compensators 
and switches, if a sufficient number 
of spares are on hand it is well to. 
let the damaged equipment accumu- 


late in the shop for one or. two. 


months and then order about double 
the quantity of material necessary 
to repair the equipment on hand. 
Parts such as fingers and contacts 
for compensators and controllers are 
usually ordered in lots of 100, 50 
and 25 pieces as determined by the 
amount of such apparatus in service 
and our experience as. to the life. 
The small fingers and contacts usu- 
ally last from one to one and one- 
half years and in the larger control 
equipment from two to three years. 
In ordering magnet. wire, close check 
is made of the number of times we 
have re-wound motors using a 
common size of magnet wire. If 
this is not done a surplus stock 
of rectangular wire is likely to ac- 
cumulate and remain in stores for 
a long period of time as an idle, in- 
terest-eating investment. For mo- 
tors having sizes of wire seldom 
used we delay buying wire until the 
motor comes in for repairs and the 
minimum amount of wire possible 
is bought. For special apparatus of 
vital importance one set of neces- 
sary parts is kept on hand and re- 
placements are ordered as_ these 
_ parts are used. This applies to parts 
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This picture shows how conveni- 
ently steel shelving or bins can be 
subdivided to suit the material in 
them. 


As the stock varies the size of the 
bins may be expanded or contracted to 
suit the requirements. Some of the 
Heya leaped are carrying loads of 





for elevators, automatic telephones, 
cranes, automatic: control, fire 
alarms and,similar equipment. 

The electrical:engineer originates 
purchase ‘requisitions: for electrical 
material intended for new work. In 

‘case the job will amount to more 
than $500, a special authorization is 
prepared with estimates of cost and 
necessary data as to why the job is 
required or what savings will be ob- 
tained by its installation. After it 
has been approved by the higher 
executive officials of both the local 
and the parent companies, the re- 
quired material is requisitioned. 

All purchase requisitions from the 
storekeeper for electrical material 
and from the chief electrician pass 
through the hands of the electrical 
engineer for approval as to the 
quantities and specifications, so as 
to prevent duplication of orders and 
the purchase of obsolete or unsuit- 
able material. The requisitions then 
pass through the hands of the works 
manager or general superintendent 
of the local plant for approval and 
are finally approved by the general 
manager or operating vice-president 
of the company. 

The Purchasing Department re- 
ceives the approved requisition and 
issues an order to a manufacturer 
or jobber covering the purchase of 
the material. Copies of this order 
are sent to the electrical engineer, 
the Storehouse and the Accounting 
Department. The manufacturer 
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‘ships the material-to-the plant ‘and: 

sends the invoice. covering the 
goods. The Accounting Department 
gets the invoice and the Storehouse 
receives the material. The Store- 
house makes a memorandum, called 
the receiving slip or the receipt en- 
try, of the goods received. Copies of 
this are sent to the electrical engi- 
neer, the Record Department and 
the Accounting Department. The 
Accounting Department checks the 
receiving slip against the order and 
the invoice and if everything is cor- 
rect, it passes the invoice for pay- 
ment. The Record Department re- 
ceives a copy of the invoice so that 
it may make the entries on the rec- 
ord cards covering the items of ma- 
terial, and determine the average 
price at which the material is to be 
charged out. 

A copy of all Purchasing Depart- 
ment orders for electrical materials’ 
is furnished to the electrical engi- 
neer. 

Certain items carried in the elec- 
trical stores should be bought on 
specification and tests made on the 
material upon arrival in the receiv-. 
ing department. This applies chiefly 
to large plants where the material is 
bought in fairly large quantities and : 
usually direct from the manufac-: 
turer. . The smaller | companies 
should. make less‘ elaborate .. tests, : 
based ‘somewhat on rule-of-thumb 
methods or a physical comparison 
between samples taken from orders 
from various firms. Where possible 
the electrical engineer should work 
with the chemical engineer and de- 
termine the physical and chemical 
nature of the material to be pur- 
chased before writing up specifica- 
tions. They should also develop a 
routine method of testing the ma- 
terial received. At times material 
may be checked in by a receiving 
clerk without a careful or competent 
noting of discrepancies between ma- 
terial and specifications. ‘ 

Often the material has been used 
and found unsatisfactory and a con- 
siderable loss may result which may 
be avoided by having certain classes 
of material sampled, tested and ap- 
proved by the chemical engineer’s 
organization. ‘Some of the items 
which are susceptible to variations 
and should be tested are: insulating 
varnishes .and paints, insulating 
cloth and paper, web tape, rubber 
insulated wires, acid and _ caustic 
battery solutions, transformer and 
compensator oils and _lubricatin 
oils. ' 











EVEN ON individually-driven 
machine tools, there are advan- 
tages gained from interposing 
at least one belt transmission 
in the drive that often more 
than compensate for the belt 
slip losses and belt mainte- 
nance. One of these advantages 
is the elimination of shock to 
the driven machine in case of 
accident. A careless man may 
set a tool post on a boring mill 
so that near the end of the cut 
it strikes a projecting part of 
the jig or of the casting being 
machined. Similar accidents 
happen on almost any type of 
machine. With a gear, chain, 
or direct drive something must 
break, but with a belt drive, 
the belt slips off and a long 
production delay as well as a 
repair job is avoided. 


Some of the 
Hows and Whys for 


The Layout of Group 
and Individual Drives 


Together With Special Features Determining the 
Layout of Fan Drives and the Results of Tests on 


Lineshaft Friction Losses 


By ROBERT W. DRAKE 


Electrical Engineer, McCormick Works, 
International Harvester Company, 
Chicago, Il. 


DETAILED ANALYSIS of 
A the reputed advantages of in- 

dividual drives compared 
with group drives will show that the 
latter have a much wider field than 
is commonly supposed. However, 
each type of drive has its field where 
it is generally admitted to be un- 
wise to attempt to apply the other. 





The following article offers sugges- 
tions for the layout of belts, gearing 
and direct connection as applied to 
both individual and group drives. 
Belt drives should be designed con- 
servatively, especially the drive 
from motor to lineshaft. The argu- 
ments against group drive based on 
speed variation, belt slip and the 
like, can be almost entirely elimin- 
ated by designing drives with bot- 
tom pull on the belts rather than top 
pull, and with ample belt area. Mr. 


_ when the belt tension 
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Frederick W. Taylor’s classical 
paper* in which he proves that, all 
relevant factors considered, the total 
annual cost of belt drives is least 
is approxi- 
mately half the usual American 
practice, is as true now as it was 
when he made his painstaking expe- 
riments. 

The horsepower that may be 
transmitted by a belt varies with the 
belt speed, other factors remaining 
constant. However, at speeds above 
5,000 ft. per minute, the centrifugal 
force tends to lift the belt from 
the pulley and so decreases the fric- 
tion contact which gives a belt its 
pulling power. The best belt speed 
is about 4,000 ft. per min. Most 
standard motor pulley sizes are not 
large enough to give this speed. 
Where the space between lineshaft 
and ceiling is sufficient, it is better 
to install a large lineshaft pulley 
and a motor pulley large enough to 
give approximately the above speed. 
The decreased bearing troubles due. 





*Proceedings A. S. M. E., Vol. 15. 
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to diminished belt stresses, the re- 
duced cost of belting and lessened 
slip will repay careful design in 
each case. 

In the case of machine tools, there 
are also sufficient advantages in in- 
terposing at least one belt transmis- 
sion in the drive, so that this has of 
late years become standard practice 
in many progressive industrial 

- plants, even on individually-driven 
machines. Where such practice is 
deemed best about half the belt-slip 
losses and belt maintenance are re- 
tained in order to gain advantages 
which more than compensate. 

One of the advantages is the elim- 
ination of shock to the driven ma- 
chine and to the motor in case of ac- 
cident. Such accidents are of daily 
occurrence in a large, individually- 
driven plant. A careless man sets 
a tool post on a boring mill so that 
near the end of the cut it strikes a 
projecting part of the jig or of the 
casting being machined. Similar 
“aecidents” happen on almost any 
type of machine. With a gear drive 
something® must break but with a 
belt drive the belt slips or comes off 
and a long production delay as well 
as a repair job is avoided. 

Attempts have been made to de- 
sign this type of belt drive so that 
the driving motor could not be so 
grossly overloaded. This has not 
proved practicable. Many = such 
drives must start against a severe 
inertia load, and must carry an in- 
termittent load with relatively high 
peaks. Anything short of a very 
conservative belt drive will give con- 
stant trouble at such times and offer 
more handicaps to output than it 
eliminates. 


RECOMMENDED STANDARD SPEEDS 
FOR EACH SIZE OF MOTOR 


In the preceding articles in the 
February and March issues, much 
stress has been placed on spares. In 
a plant in which group drive is the 
rule, the choice of a standard speed 
in each motor size is of importance. 
A proper compromise between the 
conflicting demands of the different 
sorts of service for which motors 
will be needed, will minimize the 





The best belt speed is about 4,000 
ft. per min. 

However, the difference between the 
required lineshaft speed and the motor 
speed may be so great that it is im- 
practicable to use pulleys large enough 
to secure the proper ,speed reduction 
and maintain such a belt speed. In 
the picture shown this is the cause for 
the. low belt speed. One way of get- 
ting around this is to make the speed 
reduction in two steps, using a jack- 
per between the motor and the line- 
sha: . 


number of “off standard” motors 
which must be tolerated (and dupli- 
cated if they are on important 
drives). It is necessary also to keep 
in mind the fact that the higher the 
speed of the motor, the lower the 
cost, and the higher the efficiency 








THIS IS THE THIRD of a 
series of three articles that 
analyze the advantages of 
group and individual drives. 
The first article, which ap- 
peared in the February issue, 
pointed out the principal re- 
puted advantages of individ- 
ual drive. The second article 
was published in the March 
issue and discussed fully the 
principal reputed advantages 
of group drives. This article 
will offer suggestions for the 
layout and installation of in- 
dividual and group drives. 




















and power factor. Everything con- 
sidered, I have found the following 
to be the most desirable speeds in 


60-cycle, alternating-current mo- 
tors: 

ho Re eae 1,200 r.p.m. 
© Ue eg os ie na was 900 r.p.m. 
TO UO TO is icc nsses 600 r.p.m 


FACTORS GOVERNING THE LAYOUT 
OF LINESHAFTING 


For general manufacturing the 
balance between cost, lineshaft 


losses and mechanical suitability is 
struck at about 200 r.p.m. for line- 
shafts serving groups; for shafts 
serving grinding and similar high- 


































speed machinery exclusively, line- 
shaft speeds may sometimes be as 
high as 400 r.p.m. to advantage; for 
groups containing assorted wood- 
working machinery, a speed in the 
neighborhood of 300 r.p.m. generally 
works out best. 


COUNTERSHAFT FRICTION IS MAJOR 
PART OF LINESHAFT LOSSES 


I will risk a digression at this 
point to discuss the results of a se- 
ries of service tests on lineshaft 
friction. The tests were under- 
taken to obtain a service check on 
laboratory experiments on relative 
friction with babbitt bearings us- 
ing various grades of oil, each with 
and without Achison’s “Oildag” and 
were later extended to include ball 
bearings for comparison. 

A room of woodworking machin- 
ery was chosen for the comparative 
tests because the lineshaft speed 
was 50 per cent higher than the line- 
shaft speed in general use through- 
out the plant, and the shafting fric- 
tion losses might be expected to be 
thereby increased. The bearings 
were of the wick self-oiling type, a 
special design developed at _ this 
works in the old engine drive days. 
Wick-oiled bearings are nowadays 
considered to be old-fashioned, but 
this design is admirable indeed as to 
reliability and, by comparison with 
other published tests, has remark- 
ably low friction. The w*ek design 
has one advantage that is seldom 
sufficiently emphasized and is a 
worthwhile advantage in dirty loca- 
tions; this is the fact that the oil, 
in recirculating, passes through the 
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wiek by capillarity, and thereby the 
dirt and grit are separated out. The 
decreased wear from this cause is 
very marked, especially in foundries 
and other places where abrasive 
dust is normally present in the air. 

To accurately determine’ the 
power required to run the shaft un- 
der test, a special small motor was 
belted to it, in place of the large 
motor required to carry the regular 
load when the driven machines are 
running. The input to this motor 
was determined each day at noon 
with shaft running, but all ma- 
chines shut down. A week or more 
was allowed after each change in 
lubricant for bearing conditions to 
become constant. After several 
months comparative testing with dif- 
ferent oils in babbitt-lined bearings 
the main lineshaft was equipped 
with ball-bearing hangers, but 
the looked-for startling reduction in 
friction did not appear. This sug- 
gested that a determination be made 
of the main lineshaft friction with 
no countershafts running. We were 
surprised to find that only 17 per 
cent of the friction in this room was 
in the main lineshafting, and that 
the remaining 83 per cent was in 
the countershafting. 

When the drive belts on the ordi- 
nary “tight and loose” style of 
countershafts are on the loose pul- 
ley they sometimes take such a posi- 
tion that one edge drags on the tight 
pulley’-for % in. to % in. This 
seemed: to be a partial explanation 
of the. relatively high countershaft 
friction. in this case. A-design of 
loose countershaft pulley somewhat 
smaller than the tight pulley, with 
flanged approach to the diameter of 
the tight pulley and a rather abnor- 
mal crown has been used more or 
less for many years, but has never 
come into common use. This design 
is shown-in an accompanying -illus- 


Special design of tight and loose 
pulleys which is arranged to re- 
duce friction losses when idling. 


The loose pulley is somewhat smaller 
in diameter than the tight pulley so 
as to relieve the belt tension when 
idling, thereby prolonging belt life and 
decreasing bearing friction. The loose 
pulley is wider on the flange side and 
has a higher crown than the tight 
pulley. This keeps the belt in the 
center of the loose pulley and prevents 
wear on the edge of the belt. 





tration. Since the increased cost is 
trifling, it would seem in the light 
of this experiment to be worth 
adoption, at least in cases of special 
countershafts built within the plant, 
and in maintenance replacements. 


SLOW-SPEED MOTORS ARE PREFERRED 
FOR GEARED DRIVES 


Except in the case of very small 
motors (1 hp. and below) slow- 





A lineshaft speed of 300 r.p.m. 
generally works out best for 
groups of assorted woodworking 
machinery. 
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speed motors are preferable for’ 
gearing if reliability is of any im- 
portance. The slower-speed motor 
is built in a larger frame with a 
heavier and sturdier shaft which is 
better able to endure the shock of 
gear drive. The slower shaft speed 
allows a greater pinion diameter 
without exceeding conservative pe- 
ripheral speeds at the pitch line, and 
this in turn permits the use of a 
coarser pitch on the pinion, with 
consequent greatly increased life 
and reliability, on the first gear re- 
duction. Especially is all this true 
of the excessively light designs of 
continuous-rated motors which have 
been marketed during the past few 
years by the larger manufacturers. 
The bearings in these motors are 
generally die-cast without shells. If 
satisfactory bearing life and relia- 
bility are to be obtained, it is almost 
necessary to operate such motors 
with compressed cloth, molded com- 
position, or rawhide pinions. In 
applications where such pinions will 
not stand up it is advisable to use 
sturdier motors. 


CONSIDERATIONS AFFECTING THE 
DESIGN OF FAN DRIVES 


In general, fans. are best. driven 
individually, but this is by no means 
a universal rule. Small and moder- 
ate-sized. exhausters can frequently 
be grouped with the machines which 
they serve (for example, grinders, 
buffing wheels, and the like) while 
less frequently it is advantageous to 
group blowers with the machines 
served. The fact remains that even 
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in plants which are group driven in 
general, most large and many small 
fans are individually driven. At first 
thought a direct-connected unit ap- 
pears to offer many advantages, but 
I prefer to belt fans whenever pos- 
sible. There are various advantages 
for and against this practice. 

The exact predetermination of 
performance in a fan system is more 
difficult than most ordinary engi- 
neering layouts. It is much easier 
to predetermine pressure drops in 
electrical, steam, or hydraulic lay- 
outs than in fan piping. A fan sys- 
tem is full of bends, offsets and el- 
bows, to avoid obstructions. These 
“fittings” can seldom be made to fol- 
low any definite standard as to curv- 
ature, but owing to the relatively 
large size of ordinary fan piping, 
they must be laid. out individually 
to suit the space available. Frequent 
changes from round to rectangular 
cucts and back again are often re- 
quired. Estimates of resistance to 
flow through such “fittings” are of 
necessity rough. In water, steam 
and electric transmission, standard 
pipe (or conductors) and fittings 
are universally used and their re- 
sistance is known to a far greater 
degree of precision. 

In steam and water piping the 
condition of the inside surface plays 
an important part in determining 
the resistance, but the effect of in- 
crustation plays a less important 
part in determining flow than is 
generally the case with fans. The 
degree and rate of incrustation in 
fan piping depends upon so many 
variables that it varies from place to 
place in the same system of ducts 


Many factors are involved in lay- 
ing out a group drive similar to 
the one shown. 

There is the determination of the mo- 
tor speed to use, the most efficient belt 
speed, the factors governing the selec- 
tion of pulleys, and the selection of the 
lineshaft speed, which is based on the 
balance between cost, lineshaft losses 
and mechanical suitability. 





(due to variation in velocity). Be- 
tween different installations in ap- 
proximately the same service, the 
variation in incrustation due to var- 
iation in oily vapor carried in the 
air, fineness and density of material 
handled, is astonishing. It is sel- 
dom possible to clean fan piping ef- 
fectively except the main ducts, and 
these only when they are large 
enough for a man to pass through. 

The result of all this is that once 
a fan system is in service, a little 
testing will very frequently show 
that a moderate change in pressure 
will be beneficial. Such a change 
can best be effected by varying the 
speed of the fan. The pressure de- 
livered by a fan connected to a fixed 
duct system varies as the square of 
the speed and the horsepower re- 
quired to drive it varies as the cube 
of the speed. Thus if tests show 
that a decrease of as little as 10 per 
cent in speed will give satisfactory 
performance, there will be a saving 
in horsepower of 30 per cent. 
When we consider that the power 
required to operate an average 
exhauster system using efficient mod- 
ern slow-speed fans serving wood- 
working equipment or grinding ma- 
chinery often equals or exceeds the 
power requirements of the machin- 
ery served, it is evident that such a 
saving is well worth while. If the 
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case is reversed, and the operation 
of the fan is less satisfactory than 
expected, frequently a slight in- 
crease in speed will set matters 
right again and give ideal service. 
As time goes on, the resistance of 
the pipe frequently increases with 
gradual roughening of the pipe due 
to deposit of foreign matter. Event- 
ually a higher pressure or suction is 
necessary to obtain good results. 

From time to time load may be 
added or removed from the system, 
increasing or reducing the horse- 
power and in some cases the speed 
required to drive the fan for satis- 
factory operation. Within reason- 
able limits, all such changes in con- 
dition may be met by changes in the 
speed and horsepower of the fan 
drive. - No such changes are ordi- 
narily possible with a direct-con- 
nected fan, particularly with alter- 
nating-current drive. With a belted 
fan small changes may be effected 
at a minimum expense, delay, or 
trouble by merely changing motor 
pulleys. Greater changes requiring 
a change in horsepower outside the 
economical power factor and effi- 
ciency range of the motor origin- 
ally installed, or beyond its capacity, 
can be easily made by a change to 
the next size of motor with a suit- 
able pulley. 

Belting fans has the great advan- 
tage that it permits the use of mo- 
tors which are standard as to speed 
and horsepower for lineshaft drive 
in the plant and for which spares 
are therefore available in case of 
motor trouble. Further, the time 
required to replace a_ burned-out 
motor is ordinarily far more with a 


‘direct-connected unit than with a 


belted unit unless a flexible coupling 
is used with the former. 

Frequently the necessity of in- 
creased capacity, discontinued pro- 
cess, rearrangement of machines 
served or some such trouble retires 
a fan from service. In such a case 
in a large plant, an opportunity to 
use a belted fan to advantage else- 
where will generally soon occur. 
Usually, the required speed will be 
quite different and the service and 
capacity different. With a belted 
fan this simply means putting it 
into service again with a different 
shop standard size of motor and an 
appropriate motor pulley. With a 
direct-connected fan the case is 
quite different. It is likely to be 
many years before the same combin- 
ation of frame size of fan and motor 
size and ‘speed is needed again. 
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EFFECTIVE power transmission occupies 
a more important place in the economical 
operation of mills and factories than is 
ordinarily attributed to it. Altogether too 
often the whole power transmission system 
is- considered o. k. as long as the wheels 
will turn. However, no unit of the sys- 
tem is carelessness- or neglect-proof, as 
was brought out in other articles. One 
of the principal causes of trouble lies in 
the assumption that, once installed, each 
unit “stays put” in its relation to the 
others. In this, shafting, on either line- or 
countershaft, is perhaps the worst offender 
and usually gets the least blame, since the 
trouble backs up into bearings, couplings, 
belts or chains, or other units. Shafts put 
in alignment and kept that way go far 
toward obtaining smooth and economical 
operation of a shop. 


Things to Know 
About 


Line- 
Shafting 
and Hangers 


When They Are Used as 
the Backbone of Power 
Transmission Where the 
Groups of Machines Are 
Driven As a Unit 


and steam engines supplied the 
driving force in most plants and 
were connected to large headshafts 
by belts or ropes, or in the case of 
water wheels, sometimes by gearing. 
These head lineshafts in turn oper- 
ated several lines of smaller shaft- 
ing. With the increasing applica- 
tion of motor drives in mills and fac- 
tories, the single large driving unit 
has been subdivided into several 
smaller power units each connected 
to an individual machine or to line- 
shafts in turn driving a group of 
machines. This has eliminated the 
friction loss of the heavy head 
shafting and provided a more flex- 
ible arrangement as shafts can be 
driven at an angle or any distance 
from the main drive unit without 
difficulty. 
It is not the purpose of this ar- 
ticle to discuss relative merits of 
group and individual drives and the 
types of work to which they are best 
adapted. This is taken up in a 
series of three articles on “When to 
Use Group and Individual Drives,” 


|: THE early days water wheels 
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the first and second of which ap- 
peared in the February and March 
issues of the INDUSTRIAL ENGINEER; 
the third and last article begins on 
page 174 of this issue. 

Shafting as used in the ordinary 
industrial plant consists of a round 
bar of steel turned from a hot-rolled 
bar. This makes it perfectly round 
and of a standard diameter so that 
stock sizes of pulleys, flanges, coup- 
lings, clutches, bearings, and other 
similar mechanical power transmis- 
sion equipment will fit on it without 
re-boring them to a gage fit. Also 
when removed from one shaft they 
will fit on another of the same di- 
mension. Some old shops use a 
cold-rolled or drawn steel shafting. 
Cold-rolled shafting is made, as the 
name implies, by passing the rough 
bar cold through various grooves of 
a finishing rolling mill, which re- 
duces it to the required diameter. 
Drawn shafting is made by draw- 
ing cold bars through dies of the 
specified diameter. In both types of 
shafting the diameter and shape is 
not quite as standard as it is with 
turned shafting and also a hard shell 
or scale forms on the surface. When 
this shell or skin is cut, as is neces- 
sary when key seating or doing other 
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Pr cote ee 


Dust is an important factor in the 
operation of this installation of roller- 
bearing hangers in a flour mill. 





machine work, the shaft will bend or 
spring so that it is almost impos- 
sible to straighten it again. Because 
accuracy in shape, diameter, and 
straightness, as well as the possibil- 
ity of cutting keyways without dis- 
tortion, are some of the most impor- 
tant characteristics of shafting, 
turned shafting is generally used. 
However, some old installations of 
the other types are still in use. 

In the manufacture of turned 
shafting the hot-rolled bars are first 
straightened and then turned and 
polished in automatic lathes. Since 
the bar is hot rolled there is not as 
much of a strain set up in the skin 
or shell of the bar, as was the case 
with cold-rolled or drawn shafting. 
Because all this thin skin is taken 
off when the shaft is turned there 
are no remaining stresses in the 
shaft to bend it in case a keyway is 
cut. Also, in case the shaft becomes 
bent it is more easily straightened 
again. As these automatic lathes 
may be set to turn to a standard dia- 
meter, the shafting which may be 
bought from almost any dealer, is a 
standard size in all cases. However, 
in the purchase of shafting it is well 
to check the diameter, allowing for 
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a commercial tolerance of 0.008 in. 
An extra charge is made where ex- 
act size or to within 0.0015 in., or 
less, over or under, is required. 
For ordinary lineshaft work an ac- 
curacy of this amount is not neces- 
sary. 

While shafting may be obtained in 
any diameter, certain sizes have be- 
come a commercial standard and in 
all cases where possible effort should 
be made to use these standard sizes 
as they have also become a standard 
for couplings, clutches, pulleys, and 
the other mechanical power trans- 
mission elements. In most cases an 
extra charge of about 10 per cent is 
added to the price of any of this 
equipment for having it bored to an 
off-standard size dimension. In ad- 
dition, there is the difficulty. of these 
mechanical power transmission ele- 
ments not being interchangeable if 
of an off-standard size. These stand- 
ard diameters are the same as shown 
in the tables on page 180 up to 528 
in. The diameters given above that 
dimension are special shafts. It will 


be noticed that in most cases they are 
Ye under an even inch, half-inch or 
quarter-inch dimension. For exam- 
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ple, one standard shaft size is 21%e6 
inches. In this case, a 3-in. bar is 
turned down %¢ in. To get an even 
3-in. turned bar would require the 
next larger size commercial stock 
and could be provided, but at an ex- 
tra expense. Shafting is sold by the 
pound, and the price fluctuates ac- 
cording to the price of steel. Most 
manufacturers require that orders 
for shafting of a special diameter, or 
if it must be within an extra close 
tolerance, call for not less than 2,000 











179 







The different types of keyseats 
which are used in lineshaft work. 


When an industrial plant orders the 
keyways cut before the shafts are de- 
livered they should be careful to spe- 
cify which type of keyways are re- 
quired. Unless otherwise specified most 
manufacturers of lineshafting will cut 
keyways as in the top illustration, 
which shows the keyseat with the ends 
as left by the milling cutter. The mid- 
dle illustration shows keyseats with 
round ends and the bottom level. The 
bottom illustration shows keyseats with 
square ends and bottom level. 





lb., as these orders are made up spe- 
cial. 

The stock lengths of shafts vary 
somewhat among the _ different 
manufacturers and dealers but ordi- 
narily shafts may be obtained in 
lengths of 10, 12, 14, 16, 18, 20, 22 
and 24 ft. If odd lengths like 17 ft., 
19 ft..or 20 ft. 3 in., are required 
they must be cut from the next 
standard length of bar, which is in 
even feet, and the entire bar is 
charged for, as well as for the cut- 





This shows the construction of nine 
different .types of standard line- 
shaft hangers. 


The illustrations show the method of 
getting two- to four-point adjust- 
ment, and also the rigidity of the 
various types. Each of these instal- 
lations is fitted with a special dumb- 
bell, double-race, ball-bearing box. 
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ting. Ordinarily, shafts longer than 
22 ft. do not go into an ordinary 
box car and so there is often some 
delay in shipping such bars by rail 
on account of the necessity of pro- 
viding special cars. Because of the 
difficulty in handling, the long bars 
are more often bent in shipment, es- 
pecially when shafts are shipped 
with flanges attached. 

The best length of shaft to use 
varies somewhat with the way the 
shaft is to be hung. It is usually 
best to use a shaft of such length 
that at least two hangers will be in- 
cluded in each length of shaft. For 
example, if the hangers are spaced 
8 ft. apart a 16-ft. shaft would be 
used, while if spaced 10 ft. apart, a 
20-ft. shaft would be _ required. 
Shafts can be obtained up to 40 ft. 
on special order and at an extra 
price. 


The stresses to which lineshafting 


are mainly subject are, torsion or 
twisting, and transverse or bending 
stresses. The torsional strength or 
resistance to breaking by twisting 
is directly proportional to the cube 
of the diameter of the shaft. The 
torsional stiffness which determines 
the angle through which the shaft is 
twisted varies directly as the fourth 
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power of the diameter and inversely 
as the length of the shaft. 

The transverse strength or resist- 
ance to bending as a beam is directly 
proportional to the cube of the dia- 
meter and inversely proportional to 
the length between supports or bear- 
ings. The transverse _ stiffness 

















Three types of pressed-steel shaft 
hangers. 


Pressed-steel hangers, because of their 
lightness, are being used in many light 
and ordinary installations of power 


transmission service. The cut-away 
view shows how one type of hanger 


is reinforced. 




















which determines the deflection or 
bending of the shaft, considered as 
a beam, is directly proportional to 
the fourth power of the diameter, 
and is inversely proportional to the 
load and to the cube of the distance 
between the supports. 

It is a somewhat complicated 
problem to work out mathematically 
the exact size of a lineshaft. The 
accompanying tables, however, show 
the power which may be transmitted 
by a lineshaft under three classes of 
service. In general the speed of the 
shaft is determined in advance by 
operating conditions. In determin- 
ing the load on a shaft, care must be 
exercised to see that proper allow- 
ance is made for shock loads and 
clutches. 

Also, one of the practical difficul- 
ties in industrial installations lies 
in the fact that due to the frequent 
changes, rearrangements and the 
addition of machines it is always 
best to provide a shaft of at least 
slightly above absolutely required 
size so that it would always be able 
to take care of these additions or 
changes. In the arrangement of 
machines, wherever possible, it is 
best to provide the heaviest load, 
and particularly machines. which 
give a shock load, as near as pos- 
sible to the driving mechanism so 
that the twisting or torsion load of 
the shock will not be transmitted 
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Recommended Sizes for Shafting Key-Stock 
Kry 
NoMINAL Sizes Key-Srocx Sizgs 
Suart (Inches) (Inches) 
DIAMETERS uare Flat Square, Square and Fiat, ware, Square and Flat, 
(Inches) eys Keys Mizimum Minimum Toler- Maximum Maximum 
To an Widt Thickness ances Width Thickness 
Over including W X T WxT Ss Ss F Ss s F 
ae 1/s i/s X */a 0.123 0.123 0.092 -—0.0020 0.125 0.125 0.004 
U/\e—7/¢ 3/16 */is X 8/22 0.185 0.185 0.154 -0.0020 0.1875 0.1875 0.156 
1/¢ — 13/16 i), Ve X P/16 0.248 0.248 0.185 -0.0020 0.250 0.250 0.1875 
1 #/i¢—13/s 8/16 8/ie X */i6 0.310 0.310 0.185 -—0.0020 0.3125 0.3125 0.1875 
1 3/g —11/16 3/5 /e X 1/4 0.373 0.373 0.248 -—0.0020 0.375 0.375 0.250 
111/i¢—17/s /e 7/16 X 8/16 0.435 0.435 0.310 -—0.0025 0.4375 0.4375 0.8125 
1 7/g —2!/4 1/2 /2 X*/s 0.497 0.497 0.373 —0.0025 . 500 0.500 0.375 
21/4 — 28/4 5/s 5/3 X t/e 0.622 0.622 0.435 —0.0025 0.625 0.625 0.4375 
2 3/4 —31/4 3/4 3/4 Xe 0.747 0.747 .497 -—0.0025 0.750 0.750 0.500 
31/4 —33/4 /s V/s X/s 0.872 0.872 0.622 —0.0030 0.875 0.875 0.625 
3 3/4 —41/2 1 1 X 3/4 0.997 0.997 0.747 —0.0030 1.000 1.000 0.750 
41/2 —5!/2 1l/, 11/4 X 7/s 1.247 1.247 0.872 —0.0030 1.250 1.250 0.875 
51/2 —-6 11/3 ly X1 1.497 1.497 0.997 —0.0030 1.500 1.500 1. 




















through a long length of’ shafting. 
A driving unit at one end and a 
shock load at the other will result in 
an uneven transmission of power 
which is made obvious by the whip- 
ping action of belts. 


FORGED AND SPECIAL ALLOY SHAFTS 
FOR SPECIAL REQUIREMENTS 


The largest common commercial 
size of turned steel shafting is 5'%e 
in. in diameter. Shafts 6 in. or 
larger are usually made of special 
forgings. These are made by work- 
ing an ingot of steel under a steam 
hammer to a diameter somewhat 
larger than necessary and then turn- 
ing it down to an exact diameter in 
the lathe. In this way, a much 
stronger shaft is obtained. Also, 
sections of the forged shafting may 
be left larger in diameter than other 
parts. These are made on special 
order and to dimensions. 

Where extra strength, shock re- 
sistance, and other unusual require- 
ments are needed for a special in- 
stallation, nickel steel or vanadium 
steel shafts are frequently installed. 
However, the ordinary industrial in- 
stallation would not require either 
of these shafts. 

Quills or hollow shafts are made 
from forgings which are later bored 
out. A quill is used where an extra 
heavy pulley, sheave or gear is to be 
installed loose on a line of shafting 
and connected with a clutch. The 
advantage of the quill is that the en- 
tire weight of this sheave, pulley or 
gear is supported on the hollow 
shafting by its own bearing and does 
not add to the bending load of the 





Here self-aligning, ball-bearing pil- 
low blocks are installed on each 
side of a 5-ft. rope sheave. This is 
connected to a 350-hp. motor by a 
6-in. shaft operating at 250 r.p.m. 
The pillow blocks are on wedge adjust- 
ment plates which provide for up-and- 
down adjustment. Side adjustments 
are obtained by screws. Pillow blocks 
are used on heavy drives and also on 
many machines. 


Key sizes for lineshaft work. 

The above table shows the recommend- 
ation made by the American Society 
of Mechanical Engineers as to stand- 
ard sizes for various shaft diameters. 
These recommendations are out for 
comment and have not as yet been 
adopted. 





lineshaft when it is either idle or 
running. 

Previous articles which have ap- 
peared in INDUSTRIAL ENGINEER, 
as listed in the box on page 181, 
have discussed the major mechanical 
elements of power transmission ex- 
cepting the shafting, hangers, and 
bearings. Of these, the two latter 
are intimately connected with the 
two most important considerations 
in lineshaft construction and opera- 
tion—alignment and friction loss. 


SOME OF THE DEVICES EMPLOYED FOR 
SUPPORTING LINESHAFTS 


In general, hangers differ largely 
in design according to the purpose 
for which they are to be used. For 
example the most common types are: 
Drop hangers for suspending from 
the ceiling, floor stands for attach- 
ing shafting to the floor, and exten- 
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sions for post hangers to support the 
line of shafting at a fixed distance 
from the wall or from posts. The 
drop of the hanger—the distance 
from the base of the hanger to the 
center of the shaft—often deter- 
mines the size of pulley which can 
be used. This, however, depends 
upon the construction of the build- 
ing. Frequently drop hangers are 
used as floor hangers merely by 
fastening to the floor and inverting 
the bearings. 

An important point in industrial 
lineshaft construction is to provide 
sufficient means for adjustment of 
the shaft. Hangers ordinarily are 
made with either two- or four-point 
adjustment, as may be seen from 
the accompanying _ illustrations. 
Four-point, or universal adjustment, 
gives the greatest opportunity for 
aligning shafting without having to 
‘move the base of the hanger and is 
being used largely for industrial 
installations. Two-point adjustment 
hangers are used for short shafts 
and for light and comparatively low 
speed work or for countershafts. To 
get side adjustment it is necessary 
to slip the hanger in the slotted base. 
Obviously it would be more difficult 
to line up a long shaft and particu- 
larly to realign it after it had been 
used or a building has settled. 

Ordinarily, hangers are placed 
about 8 or 10 ft. apart, depending 
upon the load and upon the service. 
Large diameter pulleys, heavy or 
shock loads, or a heavily loaded pul- 
ley, as the driving pulley, often re- 
quire an extra hanger or closer 
spacing. Hangers should be close 
enough to prevent the load from 
springing (Continued on page 211) 
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GOOD INSULATING RESULTS 
can be easily secured when varnish 
is given a fair chance on the sur- 
faces to which it is applied. Dirt 
and lack of care in application are 
the two things that always cause 
trouble. On these points Mr. Hazel- 
tine says: Dirty equipment ruins 
insulation quite as quickly as does 
faulty application. Wash your 
brushes or air spray as soon as you 
are through using them. Clean the 
varnish tank and strain the var- 
nish at regular intervals. Dirt 
breeds trouble. Keep your var- 
nish room and apparatus cleah. 


Suggestions When 


Applying 
Insulating 
Varnishes 


By the Dipping and Bak- 
ing, Brush and Spraying 
Or. by Vacuum Impreg- 
nation. Methods 


By H. L. HAZELTINE 
Engineer of Insulation, The Sterling Var- 
nish Co., Pittsburgh, Pa. 

N THE ARTICLE that appeared 
] in the March issue of INDUS- 

TRIAL ENGINEER, the writer de- 
scribed insulating varnishes in very 
general terms. In this article the 
shop equipment necessary for the 
proper application of these mate- 
rials will be taken up before going 
into the detailed methods for secur- 
ing specific results, in the articles 
to follow in this series. 

Insulating varnishes may be ap- 
plied by three general methods 
which, for convenience, will be 
termed the dipping and baking 
method, the brushing and spraying 
method, or the vacuum pressure im- 
pregnating method. No matter 
which method is followed it is im- 
portant that the apparatus and the 
surface to which the varnish is ap- 
plied should be kept very clean. 
Oily matter or dirt will ruin even 
the best of insulation. 

Perhaps it will be easier to under- 
stand the nature of the equipment 
required if we fix .our attention on 





a coil as it passes through the vari- 
ous processes and describe the ap- 
paratus as we go along. 


APPLICATION OF VARNISH BY 
DIPPING AND BAKING 


The best method of applying in- 
sulating varnish is by dipping. The 
main equipment required for this is 
a dipping tank and a baking oven. 
As originally wound, the coil con- 
tains a considerable amount of air 
and moisture which prevents the 
complete filling with varnish. Hence 
it should be thoroughly dried in an 
oven in order to drive out all this 
moisture and occluded air. The 
same oven may be used for this pre- 
heating period as will be described 
later for the baking period. The 
time required for this drying will 
vary from 1 hr. for coils of small 
cross section to 24 hrs. for large 
complete armatures and coils com- 
posed of a great many turns of very 
fine wire. 


After preheating, the work is 


taken directly from the oven and 
dipped, while still hot, in a tank of 
varnish and allowed to remain until 






Spraying varnish is preferable to brush- 
ing for the finishing application. When 
ovens are not available it is good practice 
to dry the coils by passing current through 
the windings. Oven drying is better, how- 


ever. The spray-gun shown is made by 
the De Vilbiss Manufacturing Co., Toledo, 
Ohio. 





the varnish has thoroughly per- 
meated the inner layers. As the coil 
cools, the air remaining in the in- 
side, being rarified, contracts and, 
assisted by the atmospheric pres- 
sure on the surface of the tank, 
draws the varnish into the interior 
where insulation and_. binding 
strength are most needed. 

The Dipping Tank—For this work 
a tank to hold the varnish will be 
required of such size and shape that 
the largest piece to be treated can 
be completely submerged. It should 
also be of such capacity that the var- 
nish will not become overheated due 
to the dipping of hot coils with a 
consequent loss of solvent. This 
tank can readily be built in any ma- 
chine shop, with %-in. steel sheets, 
which are plenty heavy enough. 
Do not use a zinc-lined tank because 
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the zinc has a deleterious effect 
ypon varnish materials. A close fit- 
ting cover should be provided when 
the tank is not in use in order to 
exclude as much air as possible from 
the varnish and thus keep the solv- 
ent from evaporating. A tank suit- 
able for small-size coils is shown in 
Fig. 1. Note the groove into which 
the cover fits. This may be filled 
with some liquid material such as 
linseed oil, so as to provide a per- 
fect air seal, which will not evap- 
orate readily and which will not 
harm the varnish should a few drops 
be spilled into the tank. 

Large tanks should be fitted with 
similar covers. When they are of 
such size that they cannot be handled 
easily - they should be equipped 
with some means for drawing 
off the varnish so as to facilitate 
cleaning. It is surprising how much 
dirt will collect in a short space of 
time and how much trouble can be 
traced directly to varnish that has 
become fouled as a result. It is im- 
possible to over-emphasize the abso- 
lute necessity of frequent thorough 
cleaning of both varnish and tank. 

As the foreign matter which col- 
lects in the tank soon becomes mixed 
with the varnish it is advisable, 
when the tank has been emptied and 
cleaned, to strain the varnish 
through several thicknesses of cam- 
bric before replacing it. This will 
remove all dirt, partially oxidized 
varnish and pieces of insulation. 

Draining—When you are sure that 
the coils have absorbed all the var- 
nish possible, they should be slowly 
withdrawn at about the same rate 
as that at which the varnish flows 
from the coils of its own accord un- 
der the influence of gravity and cap- 
illary attraction. This gives a good 
uniform covering with the least ac- 
cumulation possible on the one end. 
When a sufficient number of coils 
are treated to warrant its use a ma- 
chine such as is shown in Fig. 2 will 
be found very useful. The quicker 
the dip and the faster the rate of 
withdrawal, the heavier will be the 
outside coat and the less will be the 
penetration. 

The coil should be allowed to drain 
for a sufficient period to allow all 
' dripping to cease and for the var- 
nish to partially “set.” The time 
required will again depend upon the 
size of the coil and the nature of the 





Fig. 2—Coil dipping machine for 
use where a large number of coils 
are treated. 
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Fig. 1—Dipping tank suitable for 
small sizes of coils. 


Note the groove in which the cover 
fits, that can be filled with a liquid 
like linseed oil to provide an air seal. 





varnish. When a considerable num- 
ber of coils are to be treated it is 
impossible to carry on the entire 
draining over the tank. Hence it 
is wise to provide dripping boards 
over which the coils may be hung, 
sloped in such a way as to convey 
the excess varnish back into the 
tank. 

After draining the work should be 
placed in the oven to bake. It is 
wise, where possible, to reverse the 
position of the coil so that the top 
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during draining is at the bottom 
during baking. The first effect of 
heat on the partially “set” varnish 
is to cause it to flow. Hence by 
reversing the position the heavy ac- 
cumulation acquired during the 
draining softens and flows toward 
the lower end, thus giving a more 
uniform and pleasing appearance to 
the finished piece. 

The Baking Oven.—The oven re- 
quired for preheating and baking 
may be purchased complete from an 
oven manufacturer, or may be built 
in the shop. In either case the fol- 
lowing suggestions may be helpful. 

The outside walls may be con- 
structed of any kind of material de- 
sired. It goes without saying that 
they should be well heat insulated, 
since the object is to heat the con- 
tents of the oven rather than the 
outside room; an uninsulated surface 
may be the cause of cold spots and 
may absolutely prevent an even dis- 
tribution of temperature through- 
out the interior of the oven. It is 
wise, therefore, to build these walls 
double, filling the air space between 
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with some loose fibrous material 
that will serve to break up convec- 
tion currents in the air and thus 
prevent the passage of heat from 
the inner to the outer surface. Fur- 
ther protection may be obtained by 
completely covering the outer sur- 
face with some heat-insulating 
material. It - makes little dif- 
ference what this material is so long 
as it is remembered that the less 
heat that escapes into the room the 
greater will be the saving in fuel and 
the more uniform the heat: inside. 

Many sources of heat may be em- 
ployed. Those in most common use 
are gas, steam, oil and electricity. 
Any one of them will give excellent 
results provided the oven is properly 
installed. Indirect or radiant heat 
is the best. 

Gas has the advantage of cheap- 
ness. Great care must, however, be 
taken to see that the burners are 
so installed that the fumes are con- 
veyed to the chimney without en- 
tering the oven where they will come 
in direct contact with the work. 
These exhaust fumes tend to com- 
bine with the varnish and prevent 
its baking properly. 

Steam is the most satisfactory 
for baking temperatures up to 300 
deg. F. because of its easy regula- 
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tion and control, its almost universal 
use for other purposes about the 
shop and the absence of fire risk. 

Oil systems are not in such com- 
mon use as are the other three. The 
advantages are much the same as 
those for steam, with the addition 
of the ability to obtain very high 
temperatures without the risk at- 
tendant upon the carrying of high 
steam pressures. The same care 
must be taken in the installation of 
the burners as is exercised in the 
case of gas. 

Electric ovens are very efficient 
and probably the easiest to control. 
Unless properly built they may be 
expensive to operate, especially when 
power is purchased. 

Whichever form of heat is chosen 
great care must be taken in placing 
the heating units so that they will 
not interfere with the arrangement 
of the work in the oven, and so that 
the temperature will be uniform 
throughout. Since heated air rises, 
the heating units should be placed 
close to the floor so that the bottom 
part of the oven will have the same 
temperature as the top. Effective 





Fig. 3—Outfit for cleaning arma- 
tures and impregnating them with 
varnish. 





GENERAL. 


PROCESS. 


ITEMS. 








The diagrammatic sketch below outlines a method of cleaning dirty armatures 
with benzine and then impregnating them with Sterling Varnish. This method 
can be put in practice by anyone already disposing of a vacuum pressure impreg- 
nating set by following the suggestions given. 


Place the armature in the washing tank C and revolve very slowly by means 
ofan air drill E for 30 minutes Then take out 
the armature from tank and bake for 10 hours 
to drive out what oil may remain in the coils. 
Again put in tank and wash for 20 minutes and 
then scrub with wire brush while the armature is 
worm, The gasoline and scrubbing will take off all 
the old varnish. Ory armature for § hours in the 
vacuum tank under heat and vacuum, let in the 
varnish, impregnate, drain and bake thoroughly 
in ventilated oven at a temperature of 112°C. (234%) 


438..Hose connections for motor. C...Gasoline wash 
“ing tank, D... Vacuum pressure tank, E... Air drill. 
E.. Feed regulating valve for air. G... Pop valve set 
to 60 lbs. H... Air outlet. |.Clamp, J..Cover. H..Airgauge. 
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positions are either along the sides 
or underneath a false bottom. A 
sufficient amount of radiating sur- 
face must be provided so that the 
temperature required will be 
reached in the shortest time pos- 
sible, and thereafter maintained 
without variation. In very large 
ovens it is sometimes advisable to 
install a fan in order to keep the air 
in motion and prevent the collec- 
tion of cold pockets. 

No matter how efficient the heat- 
ing system, proper drying of the 
varnish cannot be accomplished as 
long as it is stewing in the vapor 
from its own solvent. Hence some 
means must be used to remove these 
vapors. In small ovens a direct con- 
nection, provided with a damper, to 
a chimney or a stack is all that is 
necessary. In large ovens, or those 
overcrowded with work, forced draft 
is sometimes required. If, when the 
doors of the oven are thrown open, 
a cloud of black smoke pours out 
into the room, it is evident that you 
are not carrying away the solvent 
vapors rapidly enough. 

Most baking varnishes are of the 
oxidizing class and hence a consid- 
erable supply of fresh, clean air 
must always be available. The 
amount required will depend upon 
the quantity of work in the oven 
and the nature of the varnish used. 
It is better to have too much fresh 
air than too little. Too much will 
of course waste the heat, but it is 
better to do this than to have the 
varnish only partially dry. It is 
best to arrange the fresh air inlets 
in such a position that the entering 
air strikes the heating units first, 
so as not to lower the. tempera- 
ture. In small ovens holes drilled 
through the outside walls will be 
sufficient. In large ones the blower 
used to drive the fumes out of the 
stack may be arranged to draw 
fresh air into the oven. 

Since, in the drying of varnish, 
the first action of the heat is to 
drive off the solvent, the damper in 
the stack should be kept wide open 
during the initial drying period so 
as to remove the vapors as quickly 
as possible. During the later part 
of the baking, when the solvent has 
been entirely driven out and the var- 
nish is merely oxidizing, the damper 
may be partially closed. Care should 
be taken, however, that it is not shut 
so tightly that it interferes with the 
drawing in of the fresh air. 

It is important that the tempera- 
ture of the oven may be known at 
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any instant. An oven thermometer 
should therefore be installed. A re- 
cording instrument is very conveni- 
ent for this purpose as then a com- 
plete record of the temperature at 
all times may be obtained. The ther- 
mometer bulb should be so placed 
that the average temperature 
throughout the oven will be indi- 
cated. The proper position may be 
determined from comparative read- 
ings taken in different sections. 

Insulating varnishes may be 
baked at any temperature desired 
that will not injure the fibrous in- 
sulation. The customary range is 
from 212 deg. F. to 275 deg. F. Of 
course, the higher the temperature 
the quicker the drying of the var- 
nish. The lower temperatures have 
the advantage of drying the varnish 
all the way through without the for- 
mation of a skin over the outside, 
‘which tends to retain some of the 
varnish in a liquid or semi-liquid 
state. The high temperatures, how- 
ever, may be used advantageously 
during the later period of the bak- 
ing as this not only shortens the 
drying period but also tends to give 
a much harder, stronger surface. In 
preheating the coils it is best, how- 
ever, to use not over 220 deg. F. 
The higher temperature is not 
needed to drive out the moisture and 
tends to evaporate too much of the 
solvent in the varnish when the coils 
are dipped hot. 

When lack of space prevents the 
installation of such baking arrange- 
ments as have been described, an in- 
dividual oven may be built. This 
can be made of a metal box suitably 
heat insulated and having no bot- 
tom. Holes drilled in the top will 
provide for ventilation and the es- 
cape of solvent fumes. Electric 
heaters fastened to the sides will 
provide a uniform heat. The coil 
after treatment may then be laid on 
the floor, the box placed over it, and 
the electric heaters connected to the 
nearest lighting plug. 

Apparatus for Cleaning Repair 
Work—When motor armatures and 
field coils are brought in for repairs 
of any kind where complete rewind- 
ing is unnecessary, it is the custom 
in many shops to immerse them in 
a baking insulating varnish before 
they are put back into service. This 
is excellent practice, especially when 
the motors are subjected to severe 
conditions or heavy overloads. The 
varnish penetrates the slot and when 
dry holds the armature coils in 
place, even when the insulation has 
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dried out so much in service that 
they are quite loose. All cracks are 
filled up thus preventing the en- 
trance of dirt and moisture. Loose 
laminations are sealed and their vi- 
bration prevented. A_ rust-proof 
coating is formed over all iron parts. 
A smooth, dense insulating surface 
is formed on coils and on creepage 
surfaces. Vital parts which have 
been bruised in handling or in which 
the insulation has been cracked by 
strains in service or assembly will 
be completely restored to good con- 
dition. The glossy surface produced 
will prevent the action of water, 
etc., where the field coils are con- 
nected and taped and will allow dirt 
to be periodically blown off with an 
air blast. 

These armatures and coils are 
generally very dusty and oftentimes 
covered with oil when they are 
brought in. This accumulation must 
be removed before the parts are 
dipped in order not to foul the var- 
nish, and also in order that the var- 





Fig. 4—Dripping, draining and 
baking arrangements for coils and 
armatures in a small shop. 
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nish may adhere to the surfaces. If 
dust alone is present it may be re- 
moved by blowing with compressed 
air. A good arrangement is to fit 
up a closed box so that the arma- 
ture or coil may be placed inside and 
an air hose connected near the bot- 
tom so as to blow the compressed 
air into the box. From the top there 
should be a pipe connecting with the 
outside air so that the dust and dirt 
will be blown directly outdoors with- 
out entering the room. 

If there is considerable grease or 
oil on the coils it can best be re- 
moved by washing in gasoline or 
benzine. Apparatus suitable for this 
work is pictured in Fig. 3. The op- 
eration is as follows: Place the ar- 
mature in the oven and bake for 10 
hr. or until the coils and core are 
warmed clear through. Remove 
from the oven and place in the wash- 
ing tank C filled with gasoline, and 
revolve very slowly by means of an 
air control or electric motor EF for 
30 min. This will remove most of 
the dirt and oil. It would be wise 
after this process to bake the arma- 
ture again in order to drive out the 
gasoline (Continued on page 209) 
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Handy Tables 
For Use When 


Changing A. 
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C. Windings 


Frequencies 


And the Practical Ways to Make Such Changes 
For the Original Speed and Horsepower or for a 
Different Speed and Horsepower | 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Co. 


HEN changing an induction 

VW motor to adapt a design of 
one frequency for operation 

on another, mistakes are often made 
that show up in a change of speed 
and horsepower that are not suit- 
able for the drive on which the mo- 
tor is to be used. In this article the 
writer has listed the practicable 
changes that can be made and has 
worked out some examples to show 
how to make the different changes 
and secure the desired results. Use 
is made of tables that the writer has 
found very convenient in such work. 
To begin with, the frequency di- 
rectly affects the speed of the motor 
as shown in Table I, which gives the 
synchronous r.p.m. with different 
numbers of poles and various cycles. 
The majority of changes made are 
from 25 to 60 cycles, 50 to 60, 40 to 
60 or vice versa. On consulting 
Table I we find that the no-load 
speed of a four-pole motor is 750 
for 25 cycles, 900 for 30, 1,200 for 
40, 1,500 for 50 and 1,800 for 60 
cycles. Raising the frequency, 


therefore, increases the speed in di- ' 


rect proportion and lowering the fre- 
quency decreases the speed. 

For any frequency changes, the 
first question to answer is: What 
will be the speed of the motor on the 
new frequency and will the result- 
ing speed be satisfactory for the ap- 
plication? As an example, assume 
that it is desired to change a four- 
pole, 40-cycle motor for 60-cycle op- 
eration. Table I shows the four- 
pole, 40-cycle speed as 1,200 r.p.m., 
and the corresponding four-pole, 
60-cycle speed as 1,800 r.p.m. Since 
this is a direct-connected job, the 
r.p.m. must be kept constant. There- 
fore, the motor must be rewound for 
six poles, 1,200 r.p.m. on 60. cycles. 


A change in frequency changes 
the speed in the following propor- 
tion: C+ F=S+RorR=FS + 
C, where the old frequency equals 
C, new frequency equals F, old 
r.p.m. equals S and new speed 
equals R. Since the windings of an 
induction motor can be considered 
the same as in a generator, it fol- 
lows that the change in speed occa- 
sioned by a change in frequency will 
also affect the line voltage; that is, 
when a motor is operated at a 
higher speed higher voltage is re- 
quired. Likewise, when operated at 
a lower speed a lower line voltage is 
required. The voltage then should 
be varied according to the formula: 

V = FE ~ C, where F and C have 
the same value as above, E is the 
old line voltage and V the new line 
voltage. From this it follows that 
either the line voltage must be var- 
ied in the same proportion and di- 
rection as the change in frequency 
or that the turns per phase or coil 
must be varied in the same propor- 
tion but in the opposite direction to 
the change in frequency. As an ex- 
ample, consider a 30-cycle, 220-volt, 
4-pole, 900-r.p.m. motor that is to be 
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QUITE OFTEN it is desired 
to operate an induction mo- 
tor on a different frequency 
than the one for which the 
motor was originally de- 
signed. The following ques- 
tions then arise: (1) What ef- 
fect will the new frequency 
have on the operation of the 
motor? (2) What changes, 
if any, are required in the 
motor windings to insure 
satisfactory operation on the 
new frequency? In this ar- 
ticle Mr. Roe has worked out 
in detail the steps to be 
taken in making various fre- 
quency changes and com- 
piled tables that will be use- 
ful in this connection. 




















operated on 60 cycles. The new 
r.p.m. would be 1,800 and the line 
voltage should be 440 volts, but if it 
is desired to operate the motor on 
220 volts, at 60 cycles, the total 
turns would have to be reduced one- 
half. 

Another item affected is the 
horsepower rating of the motor, as 
Hp. = (T X r.p.m.) + 5,252, where 
T equals the torque at one foot 
radius. If the voltage or turns are 
varied in the proper amount and di- 
rection, the torque will remain prac- 
tically constant and the horsepower 
will vary. directly as the speed in 
r.p.m. 

From the above remarks, we can 
now set down the different combina- 
tions of changes that are possible. 

Change No. 1—With a change in 
cycles and the line voltage adjusted, 
the hp. and r.p.m. will vary directly 
as the frequency and in the same 
direction. 


























Table I—Synchronous Speeds With Different Numbers of 
Poles and Cycles 
NUMBER CyrcLEs 
or 
PoLEs 

25 30 40 50 60 
2 1,500 § 1,800 2,400 3,000 3,600 
4 750 900 1,200 1,500 1,800 
6 500 600 800 1,000 1,200 

375 450 600 » 750 900 
10 300 360 480 600 720 
12 250 300 400 500 600 
14 214 257 343 428 515 
16 187 225 300 375 450 
18 166 200 266 333 400 
20 ' 150 180 240 300 360 
22 136 164 218 273 328 
24 125 150 200 250 300 
26 115 138 185 230 277 
2s * 107 128 171 214 257 
ae 100 120 160 200 240 
32 ‘3 94 112 150 187 225 
a 88 106 141 176 212 
36 83 100 133 166 200 






































Vol.82, No.4 

















188 [INDUSTRIAL ENGINEER 
x Table II—Multipliers to Use When Raising || Table I1]—Multipliers to Use When Lowering 
the Operating Frequency, the Horsepower the Operating Frequency, the Horsepower 
Varying With the Speed. Varying With the Speed. 
REQUIRED REQUIRED ; 
CHANGE R.P.M. Hp. LINE Circ. TuRNS CHANGES R.P.M. Hp. LINE Circ. TuRNS 
IN CYCLES VOLTAGE MILs. In CYcLEs VOLTAGE MILs. 
25 to 30 ie | 1.2 1.2 1.2 .833 60 to 25 .417 .417 .417 .417 2.4 
25 to 40 1.6 1.6 1.6 1.6 .625 60 to 30 .500 .500 .500 .500 2.0 
25 to 50 2.0 2.0 2.0 2.0 .500 60 to 40 .667 .667 .667 .667 1.5 
25 to 60 2.4 2.4 2.4 2.4 .417 60 to 50 .833 .833 .833 . 833 172 
30 to 40 1.33 1.33 1.33 1.33 .750 50 to 25 .500 .500 .500 .500 2.0 
30 to 50 1.66 1.66 1.66 1.66 .600 50 to 30 .600 .600 .600 .600 1.667 
30 to 60 2.0 2.0 2.0 2.0 .500 50 to 40 .800 .800 . 800 .800 1.25 
40 to 50 1.25 1.25 1.25 1.25 .800 40 to 35 .625 .625 .625 .625 1.60 
40 to 60 1.5 1.5 1.5 1.5 .667 40 to 30 .750 .750 .750 .750 1.33 
50 to 60 a2 oe 1.2 1.23 .833 30 to 25 .833 .833 . 833 . 833 1.20 



























































Change No. 2—With a change in 
cycles and poles the speed will be 
kept nearly constant, the voltage or 
turns changed to suit the new re- 
quirement and the hp. will depend on 
the speed. 

Change No. 3—With a change in 
cycles and speed, the hp. is kept con- 
stant by varying either the line volt- 
age or turns per coil or phase. 

Change No. 4—With a change in 
cycles and poles, the speed is kept 
as nearly the same as possible, with 
a constant hp. by varying either line 
voltage or turns per coil or phase. 

In what follows each case will be 
taken up in turn and a change 
worked out giving the reasons for 
each step. This will bring up all 
the details likely to be encountered 
in any type of cycle change. 

Change No. 1—For the change in 
cycles only. Tables II and III can 
be used. In this case the number 
of poles in the winding will remain 
the same for both frequencies, but 
the speed, horsepower, etc., will vary 
with the cycles. When increasing 
the speed of a motor, do not run the 
rotor at a peripheral speed greater 
than 7,500 feet-per minute (periph- 
eral speed equals the diameter of 
a rotor in feet X 3.1416 X r.p.m.) 
at the new frequency. 

Table II gives the multipliers to 
use when it is desired to raise the 
frequency. The first column gives 
the desired change; that is, 25 
cycles to 30 cycles, 40 cycles to 60 
cycles, etc. The other five columns 
indicate the effect of the change on 
the r.p.m., horsepower, line voltage, 
area in circ. mils or the cross section 
of copper per coil, and the turns per 
coil or phase. 

For example, consider a 25-cycle, 
10-hp., 4-pole, 220-volt, 3-phase, 750- 
r.p.m. motor which is to be changed 
to 60 cycles. On consulting Table II, 
and the 25- to 60-cycle line, we find 
that the r.p.m. will increase 2.4 


times or 750 X 2.4 equals 1,800 


r.p.m. The horsepower rating would 
then be 10 X 2.4 or 24, but to obtain 
this rating and to keep the torque 
and other electrical conditions in the 
motor the same, the line voltage will 
have to be increased to 2.4 X 220 or 
528 volts. In most cases the line 
voltage must remain the same; then 
the turns per coil or phase must be 
changed as shown in the last col- 
umn. In this case, the turns will 
have to be decreased. If the motor 
had ninety turns per phase on 25 
cycles it should have 90 xX .417 or 
371% turns on 60 cycles. The turns 
might be decreased by reconnecting 
in some cases, and the voltage 
brought to within 10 per cent of the 
required value, or the stator would 
have to be rewound. In case of 
either reconnection or rewinding, 
the cross section of copper must-also 
be changed at the same time and by 
the amount indicated in the tables. 


It will be noticed when studying 
the tables, that whenever the line 
voltage is raised, the table indicates 
that the same results can be ob- 
tained by decreasing the turns and 
that when the turns are decreased, 
the area of copper should be in- 
creased and vice versa. The follow- 
ing details refer to the table of pos- 
sible changes at the top of this page. 

Table III gives the values when 
the frequency is to be lowered. 
This table shows that the r. p. m. 
and horsepower will decrease, but in 
any case where the speed is reduced 
the maximum horsepower rating 
should be at least five per cent lower 
than the value given. This is due to 
the lessened ventilation at lower 
speeds. 

The above is the simplest fre- 
quency change. A close study of 
Tables II and III will indicate what 
the effect on the performance of the 









































Table IV—Multipliers to Use When Changing the Cycles and . 
Poles with Horsepower Also Changed 
CHANGE PoLEs R.P.M. He LINE Circ. TURNS 
From VOLTAGE Mits. 
2-Pole, a 1.2 1.2 1.2 1.2 0.833. 
25-cycl 6 0.80 0.80 0.80 0.80 1.25 
to 8 0.60 0.60 0.60 0.60 1.667 
60-cycle 10 0.48 0.48 0.48 0.48 2.08 
12 0.40 0.40 0.40 0.40 2.50 
4-Pole, 2 4.80 4.80 4.80 4.80 0 208 
25-cycle 6 1.60 1.60 1.60 1.60 0 625 
to 8 1.20 1.20 1.20 1.20 0 833 
60-cycle 10 0:96 0.96 0:96 0:96 1.042 
12 0.80 0.80 0.80 0.80 1.25 
6-Pole, 2 7.20 7.20 7.20 7.20 0.139 
25-cycle oa 3.60 3.60 3.60 3.60 0 278 
to 8 1.80 1.80 1.80 1.80 0 556 
60-cycle 10 1.44 1.44 1.44 1.44 0 694 
12 1.20 1 20 1.20 1:20 0.833 
8-Pole, 2. 9.60 9.60 9.60 9.60 0.103 
25-cycle 4 4.80 4.80 4.80 4.80 0.208 
to 6 3.20 3.20 3.20 3.20 0.3125 
60-cycle 10 1.92 1.92 1.92 1 92 0.52 
12 1.60 1.60 1.60 1.60 0 625 
10-Pole, 2 12.0 12.0 12.0 12.0 0.833 
25-cycle 4 6.0 6.0 6.0 6.0 0.167 
to 6 4.0 4.0 4.0 4.0 0 250 
60-cycle 8 3.0 3.0 3.0 3.0 0 333 
12 2.0 2:0 20 2:0 0.500 
12-Pole, 2 14.4 14.4 14.4 14.4 0 069 
25-cycle 4 7.2 y Re 7.2 7.2 0 139 
to 6 4.8 4.8 4.8 4.8 0.208 
60-cycle s 3.6 3.6 3.6 3.6 0.278 
10 2.88 2.88 2.88 2.88 0.347 
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motor would be if it were connected 
to the new line frequency without 
any change in the winding or line 
voltage. Consider now a 50 cycle to 
60 cycle change. 
be increased 1.2 times, likewise the 


The r.p.m. would ° 
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horsepower, and the line voltage 
would have to be 1.2 times the 50- 
cycle voltage, which we will assume 
as 220. The new or 60-cycle voltage 
then equals 220 X 1.2 or 264. If the 
turns were not decreased and the 








Tables V and VI—Multipliers to Use When Changing from 
25 to 50 Cycles and from 25 to 40 Cycles with the 
Horsepower Also Changed 









































Be on P Be ne Ties 
CHANGE PoLes LinE VO.Lts TuRNS CHANGE OLES — a 
risa —- i = AND Hp. 
25 
* 1.0 1.0 2-Pole, 4 0.800 1. 
Fgh '§ 6 0.667 1 : 5 25-eyele 6 0.533 1 875 
rs o 3 10 0.320 3.12 
—— i 0.38 30 — 12 ' 0.267 3.75 
13 
4.0 0.25 4-Pole, 2 3.20 0.3 
Fate) 3 1 33 0. 75 25-cyele 6 1 : 07 0. 938 
to *8 ¥: d oO : a 
] 10 0.64 : 
aes 12 0.687 i “50 — 12 0.53 1.875 
0.28 
x 6.0 0.167 6-Pole, 2 4.80 
bali 4 3.0 0.333 25-cycle 4 2.40 0.416 
50-49 5 3 0 :833 soon ] 10 5:38 1.04 
of “12 § °-b0 whch 12 0.80 1.25 
156 
8.0 0.125 8-Pole, 2 6.40 0. 
Sam 3 4. .. 0. 25 25-cyele 4 3 20 0 3 1 3 
to 6 2.6 ; re) x ‘oe 
50-c: 1 19 1.28 0. 
— iz 130 O78 ase 12 1.13 0.937 
0.125 
10.00 0.10 10-Pole, 2 8.00 
} Slee i 5.00 0.20 25-cycle 4 4. 00 0. 250 
ws g Hae 0:40 wos g 3°00 0.500 
rites a 1.667 0.60 12 1.33 0.75 
0.104 
2 12.00 0.083 12-Pole, 2 9.60 
aeayls | 4 | "6 | Bier | asayclo | 4 | 480 | 9.308 
8 : ‘40 0.416 
3.00 0.33 40-cycle 8 2. 
— 10 2.40 0.417 10 1.92 0.520 

















Tables VII and VIIJ—Multipliers to Use When Changing 
from 25 to 30 Cycles and from 30 to 60 Cycles with 
the Horsepower Also Changed 









































R.P.M. = e RPM. a 
5 V TuRNS ; CHANGE 'OLES INE VOLTS 
a oe sis aed ng From Circ. = 
AND Hp. AND Hp. 
60 1.67 2-Pole, *4 1.00 1.00 
a é 0:40 250 30-cycle 6 0.667 1.50 
to 5 O28 : 8 eb-cpale 10 0.40 2.50 
van nate 2 0.20 5.00 12 0.33 3.00 
0.25 
2 2.40 0.416 4-Pole, 2 4.00 
Pint 6 0.80 1.25 30-cycle A 1 : 33 0 : 75 
rq 8 0.60 1.667 to 8 1.00 1-00 
30-cycl 10 0.48 2.08 60-cycle 10 25 
ors 12 0.40 2°50 12 0.667 1 
 ePee, 167 
3.60 0.278 6-Pole, 2 6.00 0. 
pghoan d 1.80 0.556 30-cycle 4 8 -00 0.333 
Pe 8 0.90 1.111 to 8 1.50 0.667 
30-cycle 10 0.72 1.39 60-cycle i? : Ho 
off 12 0.60 1.667 12 1.00 : 
8.00 0.125 
2 4.80 0.208 8-Pole, 2 : 
bese 4 2.40 0.416 30-cycle 4 4.00 0.25 
to 6 0.98 COE eespsle 10 1.60 0.625 
— 9 0:80 1135 . 12 1.33 0.75 
0 10 
6.00 0.1667 || 10-Pole, 2 10.00 
tpi r 3.00 0.333 30-cycle 4 5.00 0 20 
to 6 2.00 0.500 to 6 3.33 0 30 
30-cycle 8 1.50 0 667 60-cycle 8 2.50 0.40 
3 #12 1.00 1.000 12 2.30 
0.083 
: 7.20 0.139 12-Pole, 2 12.0 
Sein | 3.60 0.278 30-cycle 4 6.0 0 167 
S 4 780 0558 on-tpele 4 3.0 0 333 
lee: 10 er 0.722 r 10 2.4 0 416 




















new frequency. 
change in the motor. 


i indi be nected and will operate at the same rating 
‘Ganon bac 7 ag eg all iene “tables means the oraiaal voltage before making the 
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motor put across a 220-volt, 60- 
cycle line, it would be operating on 
83 per cent voltage or under voltage. 
This would reduce the maximum 
horsepower rating since the horse- 
power depends on the torque. There- 
fore, if the motor is operated on less 
than the required line voltage, it 
will develop less torque and conse- 
quently less horsepower. If the 50- 
cycle rating were 25 hp., its rating 
with correct line voltage on 60 
cycles would be 1.2 x 25 equals 30 
hp., but with 220 volts on 60 cycles 
the torque would be (220 + 264)? 
or .69 which is 69 per cent of the 
50-cycle torque. Then the 60-cycle 
rating at 220 volts would be 
(1.2 X .69 X 25) or 20.7 hp. 

To determine what the horse- 
power rating will be at the new fre- 
quency when the turns or line volt- 
age are not changed, the following 
formula can be used: 

Bp 2 xXEXT XT 

In this, R equals the original 
horsepower rating before changing 
the cycles, H equals the figure un- 
der hp., in Tables II or III, and 7 
the figure under turns in Tables II 
and III. In the 50 cycle to 60 cycle 
change cited above, the formula 
works out as follows: 25 x 1.2 xX 
.833 X .833 equals 20.7 hp. 

From the above it follows that 
when the frequency is raised and 
no change made in the turns or line 
voltage that the horsepower rating 
will be reduced below the low cycle 
rating regardless of the increased 
speed. On the other hand, when the 
frequency is lowered and no changes 
are made in the turns or line volt- 
age, the horsepower rating will be 
increased, even when the figure un- 
der the horsepower column in Table 
III indicates that the horsepower 
should be lower. For example, con- 
sider a 20-hp., 60-cycle, 220-volt 
motor changed to 30 cycles. Table 
III shows that the line voltage 
should be reduced .50 or 50 per cent 
and that the horsepower will also 
be reduced, but if the line voltage is 
left at 220 the rating will be, ac- 
cording to the above formula, 20 x 
5 X 2 X 2 equals 40 hp. In this 
case the heating would be 2.05 times 
as great as the area of copper is the 
same and the horsepower doubled 
and the speed reduced. The motor 
would then burn out if loaded up to 
40 hp. 

If it is desired to have the horse- 
power rating remain the same when 
changing the frequency, the voltage 
should be changed as the square. 
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root of the cycle change. Consider 
a change from 25 cycles to 40 cycles. 
If the voltage is 220 on 25 cycles, 
changing it to 220 x (40 + 25) 
equals 220 X 1.264, or 278 volts on 
40 cycles will keep the horsepower 
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constant. Table XIV gives the mul- 
tiple to use for each item when it is 
desired to make a change and have 
the horsepower remain constant. 

It must be understood that when 
the cycles and speed are changed 








Tables IX and X—Multipliers to Use When Changing from 
30 to 50 Cycles and from 30 to 40 Cycles with 
the Horsepower Also Changed 
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and the horsepower kept constant, a 
corresponding change in the cross 
section of copper must be made by 
reconnecting or rewinding the sta- 
tor, as it is seldom possible to ob- 
tain such odd voltages as 278 as re- 
quired in the above case. Then the 
only remedy is to vary the turns per 
coil or phase. 

Change No. 2—The next change to 
consider is one where it is desired to 
change the cycles and keep the speed 














































































































RPM. RPM. the same, allowing the horsepower to 
CHANGE PoLes LinE VoOuLtTs TURNS CHANGE Po.es Line VoLtTs TuRNS 
From Circ. MILs. From Circ MILs vary. Tables IV to XII are to be 
AND Hp. anp Hp. used for this type of change. 
< Pole, 4 0.833 1.20 2-Pole, 4 0.667 1.50 Consider a 40 eycle to 50 evel 
30-eycle 6 0.555 1.80 30-cycle 6 0.444 2'125 y ; “Sue 
to 3 0.416 2.40 f ot? 3 0.338 3.00 change, the 40-cycle rating being 
50- . . cle : : a 
ee 12 0.278 3.60 _ 12 0.222 4.50 25 hp., 220 volts, three-phase, eight- 
4-Pole, 2 3.38 0.30 4-Pole, 2 2.07 0.375 pole, 600 r.p.m. On consulting Table 
om : 0: 88g 1:20 a 8 0.667 1:50. I, 60-cycle column, we find that for 
50-cycle 10 0.66 ; cle é : + 
¥ 12 0556 1/80 y 12 0.444 2:25 sag se on 60 cycles a twelve-pole 
Fue ; — a @Pole, : res ome winding is required. From Table 
30-cyele 4 2.50 9.40 30-cyele RB 2.00 = XII and the 40 cycle to 60 cycle 
oO ‘ : ie] J . Ra 
50-cycle *10 1.00 1.00 40-cycle 10 0.80 1.25 change, we find in the 40-cycle, 
12 0.833 1.20 12 0.667 1.50 ight-pol , h 
= aoa oo eight-pole section on the twelve-pole, 
: 8-Pole, < ‘ 
ak. ; 8:38 0:80 ppt 4 2.685 0.375 60-cycle horizontal line that the mul- 
to 6 : . to ; m ° * 
50-cycle 10 1.33 0.75 40-cycle 10 1.06 0 939 tiple for the hp., speed, line voltage, 
12 1.11 0.90 12 0.89 1.125 turns per phase or coil and circ. 
10-Pole, 2 8.33 0.12 10-Pole, 2 6.67 0.15 mils, is 1. This means that the 40- 
30-cycle 4 4.16 0.24 30-cycle 4 3.38 0.30 l indi Ri f 3. d 
to 6 2.78 0.36 to 6 2.22, 0.45 cycle winding, size of wire an 
50-cycle A 4 oa. i Daye A 4 et} 0:90 turns is satisfactory for 60 cycles, 
12-Pole, 2 10.0 0.10 12-Pole, 2 8.00 0.125 at the same speed. The only other 
30-cyele 4 5.0. 2.28 a0-ayele : > oa item requiring checking is the coil 
Oo . 2 . . . . . . 
50-cycle 8 2.50 0.40 40-cycle 8 2.00 0.50 pitch. The 40-cycle winding is 
10 2.00 0.50 10 1.60 0.625 
Tables XI and XIJ—Multipliers to Use When Changing from Table XTII—Multipliers to 
40 to 50 Cycles and from 40 to 60 Cycles with Use When Changing from 
the Horsepower Also Changed 50 to 60 Cycles With the 
Horsepower Also Changed 
R.P.M. R.P.M. icp-F 
CHANGE PoLes LinE VoLts TuRNS CHANGE PoLEs LINE — TURNS nae Contin 
From gr From — Hp Crance Po.es Cre. Mune TurRNs 
2-Pole, 4 0.625 1.60 2-Pole, 4 0.750 1.33 
40-cycle 6 0.416 2.40 40-cycle 6 0.500 2.00 —_, : phe 4 
to 8 0.313 3.20 to ¥ 8 0.375 2.67 — 4 5 a0 He} 
50-cycle 10 0.250 4.00 60-cycle | ¥ 10 .300 3.33 60-cyel 10 0 240 4160 
12 0.208 4.80 12 0.250 4.00 ate te Be Heo 
4-Pole, 2 2.50 0.40 4-Pole, 2 3.000 0.333 
40-cycl 6 0.833 1.20 40-cycle *6 1.000 1.000 4-Pole, - 2.40 | 0.416 
wea a) eel BB ee | 4 Se lee “i s'| os ie 
cycle 1 ¢ - e rx p : . 
‘i 12 0.416 2.40 12 0.500 2.000 60-cycle 2 Bn . = 
6-Pole, 2 3.75 0.267 6-Pole, 2 4.50 0.222 
40-cyel 4 1.875 0.533 40-cycle 4 2.25 0.444 6-Pole, 2 3.60 0.278 
wee a eee BA oe SS x see ee Soe 
cie . ° cie n ° ¢ ? ° 
12 0.625 1.60 12 0.750 1.33 60-cycle ° .2 io 
8-Pole, 2 5.000 0.200 8-Pole, 2 6.000 0. 167 
40-cycle 4 2.50 0.400 40-cycle 4 3.000 0.334 > aa ; ted : 208 
50-ty 1 #10 1/000 0 B00 60-tyel 10 + 300 0.883 to | 6 1.60 0.625 
cie . ‘ e i a : . 
. 12 0.833 1.200 *12 1.000 1.000 60-cycle : a4 a 
10-Pole, 2 6.25 0.160 10-Pole, 2 7.500 0.133 
40-cycle 4 3.125 0.320 40-cycle 4 3.750 0. 266 edhe : : = 4 jeer 
to 6 2.08 0.480 to 6 2.500 0.400 ~gegae .. . 
50-cycle 8 1.56 0.640 60-cycle 8 1.875 0.533 a, : ‘= . 
12 1.04 0.960 12 1.250 0.800 tees CO = pn 
12-Pole, 2 7.50 0.133 12-Pole, 2 9.000 0.111 
40-cycle 4 3.75 0.266 40-cycle 4 4.500 0.222 per : : . = . i 
to 6 2.50 0.400 to 6 3.000 0 333 feet EE — 4 
50-cycle 8 1.875 pb 0.533 60-cycle 8 2.250 0 444 Fo , 4 180 -416 
10 1.500 0.667 10 1.800 0.555 ycle 0 rae Soon 
*Indicates that the winding can be re- 
*Indicates that the winding can be reconnected and will operate at the same rating on the conn and will operate at the same 
new frequency. rating on new frequency. 
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8-pole; there are seventy-two coils 
and slots, pitch l-and-8, or two slots 
under full pitch. The 60-cycle wind- 
ing requires twelve poles. Pitch 
for twelve poles should be 72 + 12 
equals 6 or l-and-7 for full pitch. 
Then as the present coil is l-and-8, 
it would be one slot over pitch for 
the twelve-pole winding, but as over 
pitch has the same effect as under 
pitch, the 40-cycle winding can be 
used without any change being made 
in the motor. The effect of one slot 
difference will not affect the per- 
formance to any extent. 

This change brings up another 
point that must be considered; that 
is, the coil pitch, when making a 
change in the number of poles. The 
pitch must never be less than 50 per 
cent of full pitch, and in some cases 
it might be possible to change the 
consequent poles by reconnecting 4 
to 8, 6 to 12 poles, etc. But when 
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the low pole winding is full pitch, 
it is impossible to double the poles 
by reconnecting for consequent 
poles, as the two halves of the coils 
in each slot will neutralize each 
other. For the best results the low 
pole coil pitch should be 70 to 50 
per cent of full pitch as 50 per cent 
pitch would be 100 per cent or full 
pitch for twice the number of poles. 
Therefore, with this type of change 
it may be necessary to spring the 
coils back or rewind with new coils 
to get the proper pitch. When re- 
winding for a larger or smaller 
number of poles be sure to use the 
same percentage of coil pitch in the 
new winding as was used in the 
old one. 

Tables IV to XII are worth study- 
ing as they show a number of pos- 
sible changes. For instance, Table 
XII, 40 to 60 cycles, in the 40-cycle, 
four-pole section we find that at 60 
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cycles and six poles the hp. etc., is 
the same. The only item to check is 
the coil pitch. With the two-pole 
winding, the hp., etc., will be three 
times the 40-cycle rating, as it is 
possible to increase or decrease the 
rating by the right number of poles 
on the new frequency. 

Consider another speed and cycle 
change. Take a 30 cycle to 40 cycle 
change, the 30-cycle rating being 10 
hp., 110 volts, two-phase, four-pole, 
900 r.p.m. The nearest 40-cycle 
speed is 800 r.p.m. On the six-pole, 
40-cycle line (Table X), we find that 
the hp. will be 10 X .89 or 8,9 hp. 
and that the stator will have to be 
rewound with 1.125 times the 380- 
cycle turns and .89 times the 30- 
cycle circ. mils, or if desired, the 
horsepower could be kept constant 
as will be explained later. 

Change No. 8—Tables IV to XII 
and XVI to XXV are arranged for 








Table XIV—Multipliers to Use When Raising 
Cycles and Speed with the Horsepower 
Remaining the Same 


ing Cycles and 


Table XV—Multipliers to Use When Lower- 


Remaining the Same 


Speed with the Horsepower 















































REQUIRED REQUIRED 

Chames R.P.M. Hp. LINE Cire TURNS CHANGE R.P.M. Hp. LINE Circ. F TURNS 
In CYCLES Vourts MILs. In CYCLES Vo.uts Mins. 

25 to 30 1.2 1.0 1.099 1.099 .916 60 to 25 -417 1.0 0.6458 0.6458 1.549 
25 to 40 1.6 1.0 1.26 | 1.26 . 790 60 to 30 .500 1.0 0.7070 0.7070 1,414 
25 to 50 2.0 1.0 1.414 1.414 .707 60 to 40 .667 1.0 0.8167 0.8167 1.225 
25 to 60 2.4 1.0 1.55 1.55 .646 60 to 50 . 833 1.0 0.9127 0.9127 1.095 
30 to 40 1.33 1.0 1.15 1.15 . 864 50 to 25 .500 1.0 0.7070 0.7070 1.414 
30 to 50 1.66 1.0 1.28 1.28 By ys 50 to 30 .600 1.0 0.7746 0.7746 1,291 
30 to 60 2.00 1.0 1.414 1.414 .707 50 to 40 .800 1.0 0.8944 0.8944 1.114 
40 to 50 1.25 1.0 1.12 me .896 40 to 25 .625 1.0 0.7900 0.7900 1.265 
40 to 60 1.50 1.0 1.22 1.22 .813 40 to 30 .750 1.0 0.8660 0.8660 1.153 
50 to 60 1.20 1.0 1.099 1.099 .916 30 to 25 . 833 1.0 0.9127 0.9127 1.095 

























































































Table XVI—Multipliers to Use When Chang- || Table XVII—Multipliers to Use When Chang- 
ing from 25 to 60 Cycles with the Horse- ing from 25 to 50 Cycles with the Horse- 
power Remaining the Same power Remaining the Same 
Cuancs |Pouzs| R.P.M. Hp. Lins Circ. TURNS CHANGE irivisn R. P. M. Hp. LINE Cire TURNS 
From VouTs Mis. Frou Vouts MILs. 

2-Pole, 4 1.2 1.0 1.099 1.099 0.916 2-Pole - 1.0 1.0 1.0 1.0 1.0 

25-cycle 6 0.80 1.0 0.894 0.894 1.115 25-cycle 6 0.667 1.0 0.817 0.817 1.225 

to 8 0.68 1.0 0.825 0.825 1.213 to 8 0.500 1.0 0.707 0.707 1.414 
60-cycle 10 0.48 1.0 0.693 0.693 1.443 50-cycle 10 0.400 1.0 0.632 0.632 1.58 
12 0.40 1.0 0.632 0.632 1.580 12 0.33 1.0 0.574 0.574 1.74 

4.80 1.0 2.186 2.186 0.457 4-Pole, 2 0.40 1.0 0.632 0.632 1.58 

Fake 9 é 1.60 1.0 1.260 1.260 0.790 25-cycle 6 1.33 1.0 1.153 1.153 0.868 
to 8 1.20 1.0 1.099 1.099 0.916 to 8 1.00 1.0 1.0 1.0 1.0 

60-cycle 10 0.96 1.0 0.980 0.980 1.020 50-cycle 10 0.80 1.0 0.894 0.894 1.115 

12 | 0.80 1:0 0.804 | 0.804 | 1.118 12 | 0.667 | 1.0 0.817 | 0.817 | 1.125 

7.20 1.0 2.682 | 2.682 | 0.373 || 6-Pole, | 2 | 6.0 1.0 2.45 2.45 0.408 

S5rcocle i 3.60 1.0 1.898 1.898 0.526 25-cycle oa 3.0 1.0. 1.73 1.73 0.576 

to 8 1.80 1.0 1.342 1.342 0.746 to 8 1.5 1.0 1.225 1.225 0.816 

60-cycle 10 1.44 1.0 1.200 1.200 0.833 50-cycle 10 1.2 1.0 1.099 1.099 0.916 
12 1.20 1.0 1.099 1.099 0.916 12 1.0 1.0 1.0 1.0 1.0 

1.0 3.100 3.100 0.322 8-Pole, 2 8.0 1.0 2.828 2.828 0.354 

SSencle | £80 1.0 2.186 2.186 0.457 25-cycle 4 4.0 1.0 2.000 2.000 0.500 

to 6 3.20 - 1.0 1.789 1.789 0.558 to 6 2.667 1.0 1.634 1.634 0.613 

60-cycle 10 1.92 1.0 1.386 1.386 0.722 50-cycle 10 1.60 1.0 1.260 1.260 0.790 

12 1.60 1.0 1.260 1.260 0.790 12 1.30 1.0 1.140 1.140 0.877 

2. 1.0 3.46 3.46 0.288 10-Pole, 2 10.00 1.0 3.162 3.162 0.316 

aeevels 4 15:00 1.0 2.45 2.45 0.408 25-cycle 4 5.00 1.0 2.236 2.236 0.446 

to 6 4.00 1.0 2.00 2.00 0.500 to 6 3.33 1.0 1.825 1.825 0.548 

60-cycle 8 3.00 1.0 1.73 1.73 0.576 50-cycle 8 2.50 1.0 1.581 1.581 0.633 

12 2.00 1.0 1.414 1.414 0.707 12 1.667 1.0 1.292 1,292 0.776 

4.40 1.0 3.789 3.789 0.263 12-Pole, 2 12.00 1.0 3.460 3.460 0.288 

Deeyels 4 | "3:30 1.0 2682 2682 0.373 || 25-cycle| 4 6.00 1.0 2.450 2.450 0.408 

to 6 4.80 1.0 2.186 2.186 0.457 to 6 4.00 1.0 2.000 2.000 0.500 

60-cycle 8 3.60 1.0 1.898 1.898 0.526 50-cycle 8 3.00 1.0 1.732 1.732 0.576 

10 2.88 1.0 1.698 1.698 0.587 10 2.40 1.0 1.549 1.549 0.645 
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use in making a combined cycle and 
speed change. The first column 
gives the original cycles, poles two 
to twelve, and each pole section is 
divided into five horizontal sections. 
Each line represents a new pole 
grouping at the required frequency. 
It will be noticed that the number 
of poles used in the first column is 
not repeated in the second column of 
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columns give a multiple to get the 
required results. In Tables IV to 
XIII the number in the third col- 
umn indicates what the speed and 
horsepower would be at the new 
cycles and poles, also what the line 
voltage should be. If the line volt- 
age can not be varied then the turns 
in the old winding must be varied, 
according to the fourth column. The 





Vol.82, No.4 


the proper column. The above also 
applies to Tables XVI to XXV. 
Now consider this third type of 
change; that is, changing cycles and 
speed, but the horsepower remain- 
ing constant. In order to accomp- 
lish this the torque must be in- 
creased when the speed is decreased 
or vice versa. This is done by chang- 
ing the voltage or turns in the cor- 





the same section. 


The remaining 


cire. mils also change as shown. in 


rect amount. 








Table XVIII—Multipliers to Use When Chang- 
ing from 25 to 40 Cycles with the Horse- 
power Remaining the Same 


Table XIX—Multipliers to Use When Chang- 
ing from 25 to 30 Cycles with the Horse- 
power Remaining the Same 






























































CHANGE |Potes| R.P.M. He LINE Circ TURNS CuHanaeE |Potes} R.P.M. Hp. LINE Circ. TURNS 
From Vourts MILs From Vo.Lts MILs. 
2-Pole, 4 0.800 1.0 0.894 0.894 1.115 2-Pole, 4 0.60 1.0 0.775 0.775 1.291 
25-cycle 6 0.533 1.0 0.730 0.730 1.369 25-cycle 6 0.40 1.0 0.632 0.632 1.580 
to 8 0.400 1.0 0.632 0.632 1.580 to 8 0.30 1.0 0.547 0.547 1.832 
40-cycle 10 0.320 1.0 0.566 0.566 1.765 30-cycle 10 0.24 1.0 0.490 0.490 2.041 
12 0.267 1.0 0.517 0.517 1.936 12 0.20 1.0 0.447 0.447 2.235 
4-Pole, 2 3.200 1.0 1.789 1.789 0.558 4-Pole, 2 2.40 1.0 1.549 1.549 0.645 
25-cycle 6 1.070 1.0 1.034 1.034 0.967 25-cycle 6 0.80 1.0 0.894 0.894 1.115 
to 8 0.800 1.0 0.894 0.894 1.115 to 8 0.60 1.0 0.775 0.775 1.291 
40-cycle 10 0.640 1.0 0.8 0.800 1.250 30-cycle 10 0.48 1.0 0.693 0.693 1.443 
12 0.530 1.0 0.728 0.728 1.372 12 0.40 1.0 0.632 0.632 580 
6-Pole, 2 4.800 1.0 2.186 2.186 0.457 6-Pole, 2 3.60 1.0 1.898 1.898 0.526 
25-cycle 4 2.400 1.0 1.549 1.549 0.645 25-cycle 4 1.80 1.0 1.342 1.342 0.746 
to 8 1.200 1.0 1.099 1.099 0.916 to 8 0.90 1.0 0.948 0.948 1.053 
40-cycle 10 0.960 1.0 0.980 0.980 1.020 30-cycle 10 0.72 1.0 0.848 0.848 1.178 
12 0.800 1.0 0.894 0.894 1.115 12 0.60 1.0 0.775 0.775 1.291 
8-Pole, 2 6.400 1.0 2.529 2.529 0.398 8-Pole, 2 4.80 1.0 2.186 2.186 0.457 
25-cycle 4 3.200 1.0 1.789 1.789 0.558 25-cycle 4 2.40 1.0 1.549 1.549 0.645 
to 6 2.120 1.0 1.456 1.456 0.686 to 6 1.60 1.0 1.260 1.260 0.790 
40-cycle 10 1.280 1.0 1.131 1.131 0.884 30-cycle 10 0.96 1.0 0.980 0.980 1.020 
‘ 12 1.130 1.0 1.063 1.063 0.942 12 0.80 1.0 0.894 0.894 1.115 
10-Pole, 2 8.000 1.0 2.828 2.828 0.354 10-Pole, 2 6.00 1.0 2.450 2.450 0.408 
25-cycle 4 4.000 1.0 2.000 2.000 0.500 25-cycle 4 3.00 1.0 1.732 1.732 0.576 
to 6 2.670 1.0 1.634 1.634 0.613 to 6 2.00 1.0 1.414 1.414 0.707 
40-cycle 8 2.000 1.0 1.414 1.414 0.707 30-cycle 8 1.50 1.0 1.220 1.220 0.813 
12 1.330 1.0 1.153 1.153 0.868 12 1.00 1.0 1.000 1.000 > 
12-Pole, 2 9.600 1.0 3.100 3.100 0.322 12-Pole, 2 7.20 1.0 2.682 2.682 0.373 
25-cycle 4 4.800 1.0 2.186 2.186 0.457 25-cycle 4 3.60 1.0 1.898 1.898 0.526 
to 6 3.200 1.0 1.789 1.789 0.558 to 6 2.40 1.0 1.549 1.549 0.645 
40-cycle 8 2.400 1.0 1.549 1.549 0.645 30-cycle 8 1.80 1.0 1.342 1.342 0 746 
10 1.920 1.0 1.386 1.386 0.722 10 1.44 1.0 1.200 1.200 0.833 








Table XX—Multipliers to Use When Chang- 
ing from 30 to 60 Cycles with the Horse- 
power Remaining the Same 


Table XXI—Multipliers to Use When Chang- 
ing from 30 to 50 Cycles with the Horse- 
power Remaining the Same 









































\ 
CuanceE |Portes| R.P.M. Hp. LINE Circ. TuRNS CHANGE |Potes| R.P.M. Hp LINE Circ TuRNS 
From Vo.tts MILs. From Vo.ts MILs. 

2-Pole, + 1.000 1.0 1.000 1.000 1.000 2-Pole, a 0.833 1.0 0.912 0.912 1.094 
30-cycle 6 0.667 1.0 0.817 0.817 1.225 30-cycle 6 0.555 1.0 0.744 0.744 1.340 
to 8 0.500 1.0 0.707 0.707 1.414 to 8 0.416 1.0 0.645 0.645 1.550 
60-cycle 10 .400 1.0 0.632 0.632 1.580 50-cycle 10 0.338 1.0 0.581 0.581 1.718 
12 0.330 1.0 0.574 0.574 1.740 12 0.278 1.0 0.527 0.527 1.890 

4-Pole, 2 4.00 1.0 2.000 2.000 0.500 4-Pole, 2 3.380 1.0 1.838 1.838 0.544 
30-cycle 6 1.33 1.0 1.150 1.150 0.864 30-cycle 6 1.100 1.9 1.048 .048 0.952 
to 8 1.00 1.0 1.000 1.000 1.000 to 8 0.833 1.0 0.912 0, 912 1.094 
60-cycle 10 0.80 1.0 0.894 0.894 1.115 50-cycle 10 0.667 1.0 0.817 0.817 1.225 
12 0.67 1.0 0.818 0.818 1.220 12 0.555 1.0 0.744 0.744 , 1.340 

6-Pole, 2 - 6.00 1.0 2.450 2.450 0.408 6-Pole, 2 5.000 1.0 2.236 2.236 0 446 
30-cycle 4 3.00 1.0 1.732 1.732 0.576 30-cycle 4 2.500 1.0 1.581 1.581 0 633 
to 8 1.50 1.0 1.220 1.220 0.813 to 8 1.250 1.0 1.120 1.120 0.896 
60-cycle 10 1.20 1.0 1.099 1.099 0.916 50-cycle 10 1.000 1.0 1.000 1.000 1.000 
12 1.00 1.0 1.000 1.000 F1.000 12 0.833 1.0 0.912 0.912 1.094 

8-Pole, 2 8.00 1.0 2.828 2.828 0.354 8-Pole, 2 6.67 1.0 2.582 2.582 0.387 
30-cycle 4 4.00 1.0 2.000 2.000 0.500 30-cycle 4 3.38 1.0 1.838 1.838 0.543 
to 6 2.67 1.0 1.634 1.634 0.613 to 6 2.22 1.0 1.489 1.489 0.670 
60-cycle 10 1.60 1.0 1.260 1.260 0.790 50-cycle 10 1.33 1.0 1.150 1.150 0.864 
12 1.30 1.0 1.140 1.140 0.877 12 re | 1.0 1.054 1.054 0.949 

10-Pole, 2 10.00 1.0 3.162 3.162 0.316 10-Pole, 2 8.33 1.0 2.707 2.707 0.325 
30-cycle 4 5.00 1.0 2.236 2.236 0.446 30-cycle 4 4.16 1.0 2.039 2.039 0.490 
to 6 3.33 1.0 1.825 1.825 0.548 to 6 2.78 1.0 1.667 1.667 0.600 
60-cycle 8 2.50 1.0 1.581 1.581 0.633 50-cycle 8 2.08 1.0 1.442 1.442 0.693 
12 2.30 1.0 1.516 1.516 0.659 12 1.39 1.0 1.179 1.179 0.848 

12-Pole, 2 12.00 1.0 3.460 3.460 0.288 12-Pole, 2 10.00 1.0 3.162 3.162 0 316 
30-cycle 4 6.00 1.0 2.450 2.450 0.408 30-cycle 4 5.00 1.0 2.236 2.236 0.446. 
to 6 4.00 1.0 2.000 2.000 : to 6 3.33 1.0 1.825 1,825 0.548 
60-cycle 8 3.00 1.0 1.732 1.732 0.576 50-cycle 8 2.50 1.0 1.581 1.581 0.633 
10 2.40 1.0 1.549 1.549 0.645 10 2.00 1.0 1.414 1.414 0.707 















































Tables XIV and XV 
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give the multiple for each factor. 
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section 1.414 times the 30-cycle 


Table XIV on the 30- to 60-cycle cross section of copper. 


line, indicates that a 30-cycle motor can be used in the same way. 
to operate on 60 cycles will have Change No. 4—The next type of 
the speed increased 100 per cent and change requires that the horsepower 


to keep the horsepower the same the be kept constant and that the speed 
be kept as near as possible to the used on 60 cycles. The eight-pole, 


60-cycle line voltage must be 1.414 





times the 30-cycle voltage. If the same value. Tables XVI to XXV_ 60-cycle winding r.p.m. 


voltage can not be varied then the give values for this type of change. 
turns will have to be .707 times the Consider a 15-hp., 220-volt, three- 


30-cycle turns and the copper cross phase, 25-cycle, 





which it is desired to use on a 60- 
Table XV _ cycle, 220-volt line, and on an appli- 
cation that only requires 15 hp. On 
consulting Table XVI in the four- 
pole, 25-cycle section, we find an 
eight- or ten-pole winding can be 


will 


750 x 1.2 or 900 and the ten-pole 
will be .96 X 750 or 720 r.p.m. With 
750-r.p.m. motor a ten-pole, (Continued on page 211) 
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be 








Table XXII—Multipliers to Use When Chang- 
ing from 30 to 40 Cycles with the Horse- 
power Remaining the Same 


Table XXIII — Multipliers to Use When 
Changing from 40 to 50 Cycles with the 


Horsepower Remaining the Same 














































































CHANGE |PoLes} R.P.M. Hp. LINE Circ. TuRNS CHANGE |Potes} R.P.M. Hp. LINE Circ. TURNS 
From VoLts MILs. From VoLts MILs. 
2-Pole, 4 0.667 1.0 0.817 0.817 1.225 2-Pole, 4 0.625 1.0 0.789 0.789 1.262 
30-cycle 6 0.444 1.0 0.666 0.666 1.500 40-cycle 6 0.416 1.6 0.645 0.645 1.550 
to 8 0.338 1.0 0.581 - 0.581 1.718 to 8 0.313 1.0 0.559 0.559 1.786 
40-cycle 10 0.267 1.0 0.517 0.517 1.936 50-cycle 10 0.250 1.0 0.500 0.500 2.000 
12 0.222 1.0 0.471 0.471 2.121 12 0.208 1.0 0.456 0.456 2.192 
4-Pole, 2 2.67 1.0 1.634 1.634 0.613 4-Pole, 2 2.500 1.0 1.581 1.581 0.633 
30-cycle 6 0.89 1.0 0.943 0.943 1.059 40-cycle 6 0.833 1.0 0.912 0.912 1.094 
to 8 0.667 1.0 0.817 0.817 1.225 to 8 0.625 1.0 0.789 0.789 1.262 
40-cycle 10 0.533 1.0 0.730 0.730 1.369 50-cycle 10 0.500 1.0 0.707 0.707 1.414 
12 0.444 tO 0.666 0.666 1.500 12 0.416 1.0 0.645 0.645 1.550 
6-Pole, 2 4.000 136. 2.000 2.000 0.500 6-Pole, 2 3.750 1.0 1.936 1.936 0.516 
30-cycle 4 2.000 1:0 1.414 1.414 0.707 40-cycle 4 1.875 1.0 1.369 1.369 0.730 
to 8 1.000 1.0 1.000 1.000 1.000 to 8 0.938 1.0 0.968 0.968 1.032 
40-cycle 10 0.800 1.0 0.894 0.894 1.115 50-cycle 10 0.750 1.0 0.866 0.866 1.115 
12 0.667 1.0 0.817 0.817 1.225 12 0.625 : 1.0 0.789 0.789 1.262 
8-Pole, > re 5.33 1.0 2.308 2.308 0.433 8-Pole, 2 5.000 1.0 2.236 2.236 0.446 
30-cycle 4 2.685 1.0 1.637 1.637 0.609 40-cycle 4 2.500 1.0 1.581 1.581 0.633 
to 6 1.78 1.0 1.334 1.334 0.749 to 6 1.667 1.0 1.292 1.292 0.776 
40-cycle 10 1.06 1.0 1.029 1.029 0.970 50-eycle 10 1.000 1.0 1.000 1.000 1.000 
12 0.89 1.0 0.943 0.943 1.059 12 0.833 1.0 0.912 0.912 1.094 
10-Pole, 2 6.67 1.0 2.582 2.582 0.387 10-Pole, 2 6.250 1.0 2.500 2.500 0.400 
30-cycle 4 3.38 1.0 1.838 1.838 0.543 40-cycle 4 3.125 1.0 1.767 1.767 0.568 
to 6 2:22 1.0 1.489 1.489 0.670 to 6 2.080 1.0 1.442 1.442 0.693 
40-cycle 8 1.667 1.0 1.292 1.292 0.776 50-cycle 8 1.560 1.0 1.249 1.249 0.800 
12 PD | 1.0 1.054 1.054 0.949 12 1.040 1.0 1.019 1.019 0.979 
12-Pole, 2 8.0 1.0 2.282 2.282 0.354 12-Pole, 2 7.500 1.0 2.738 2.738 0.365 
30-cycle 4 4.00 1.0 2.000 2.000 0.500 40-cycle 4 3.750 1.0 1.936 1.936 0.516 
to 6 2.67 1.0 1.634 1.634 0.613 to 6 2.500 1.0 1.581 1.581 0.633 
40-cycle 8 2.00 1.0 1.414 1.414 0.707 50-cycle 8 1.875 1.0 1.368 1.368 0.729 
10 1.60 1.0 1.260 1.260 0.790- 10 1.500 1.0 1.220 1.220 0.813 











Table XXIV—Multipliers to Use When Chang- 
ing from 40 to 60 Cycles with the Horse- 
power Remaining the Same 


Table XX V—Multipliers to Use When Chang- 
ing from 50 to 60 Cycles with the Horse- 


power Remaining the Same 























































































CHANGE |Po.Les| R.P.M. Hp. LINE Circ. TURNS CHANGE |Po.tes; R.P.M. Hp. LINE Circ. TURNS 
From VoLtTs MILs. From Vo.ts MILs. 

2-Pole, 4 0.750 1.0 0.866 0.866 1.115 2-Pole, 4 0.600 1.0 0.775 0.775 1.291 
40-cycle 6 0.500 1.0 0.707 0.707 1.414 50-cycle 6 0.400 1.0 0.632 0.632 1.580 
to 8 0.375 1.0 0.612 0.612 1.632 to 8 0.300 1.0 0.547 0.547 1.832 
60-cycle 10 0.300 1.0 0.547 0.547 1.832 60-cycle 10 0.240 1.0 0.490 0.490 2.041 
12 0.250 1.0 0.500 0.500 2.000 12 0.200 1.0 0.447 0.447 2.235 

4-Pole, 2 3.000 1.0 1:732 1.732 0.576 4-Pole, 2 2.400 1.0 1.549 1.549 0.645 
40-cycle 6 1.000 1.0 1.000 1.000 1.000 50-cycle 6 0.800 1.0 0.894 0.894 1.115 
to 8 0.750 1.0 0.866 0.866 1.115 to 8 0.600 1.0 0.775 0.775 1.291 
60-cycle 10 0.600 1.0 0.775 0.775 1.291 60-cycle 10 0.480 1.0 0.693 0.693 1.443 
12 0.500 1.0 0.707 0.707 1.414 12 0.400 1.0 0.632 0 632 1.580 

6-Pole, 2 4.500 1.0 2.123 2.121 0.471 6-Pole, 2 3.600 1.0 1.898 1.898 0.526 
40-cycle 4 2.250 1.0 1.500 1.500 0.667 50-cycle 4 1.800 1.0 1.342 1.342 0.746 
to 8 1.125 1.0 1.060 1.060 0.942 to 8 0.900 1.0 0.948 0.948 1.053 
60-cycle 10 0.900 1.0 ee Hy SUR Noe ey CNIS Petraes (MC 10 0.720 1.0 0.848 0.848 1.178 
12 0.750 1.0 0.866 0.866 1.115 12 0.600 1.0 0.775 0.775 1.291 

8-Pole, 2 6.000 1.0 2.450 2.450 0.408 8-Pole, 2 4.800 1.0 2.186 2.186 0.457 
40-cycle 4 3.000 1.0 1.732 1.732 0.576 50-cycle 4 2.400 1.0 1.549 1.549 0.645 
to 6 2.000 1.0 1.414 1.414 0.707 to 6 1.600 1.0 1.260 1.260 0.790 
60-cycle 10 1.200 1.0 1.099 1.099 0.916 60-cycle 10 0.960 1.0 0.980 0.980 1.020 
12 1.000 1.0 1.000 1.000 1.000 12 0.800 1.0 0.894 0.894 1.115 

10-Pole, 2 7.500 1.0 2.738 2.738 0.365 10-Pole, 2 6.000 1.0 2.450 2.450 0.408 
40-cycle 4 3.750 1.0 1.936 1.936 0.516 50-cycle + 3.000 1.0 1.732 1.732 0.576 
to 6 2.500 1.0 1.581 1.581 0.633 to 6 2.000 1.0 1.414 1.414 0.707 
60-cycle 8 1.875 1.0 1.369 1.369 0.730 60-cycle 8 1.500 1.0 1.220 1.220 0.813 
12 1.250 1.0 1.120 1.120 0.896 12 1.000 1.0 1.000 1.000 1.000 

12-Pole, 2 9.000 1.0 3.000 3.000 0.333 12-Pole, 2 7.200 1.0 2.682 2.682 0.373 
40-cycle 4 4.500 1.0 2.121 2.121 0.471 50-cycle 4 3.600 1.0 1.898 1.898 0.526 
to 6 3.000 1.0 1.732 1.732 0.576 to 6 2.400 1.0 1.549 1.549 0.645 
60-cycle 8 2.250 1.0 1.500 1.500 0.667 60-cycle 8 1.800 1.0 1.342 1.342 0.746 
10 1.800 1.0 1.342 1.342 0.746 10 1.440 1.0 1.200 1.200 0.833 
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PEEDS, like styles, 

What Do change periodically, 
Increased Speeds sometimes for the better 
Give Us? and sometimes for the 
worse. . It seems that the 











popular trend is toward 
more rapidly-moving machinery. The advocates of 
higher speeds hold out the attractions of increased pro- 
duction and lower first cost. On the other hand, claims 
are made that the resulting lower maintenance and 
reduced production delays from the lower-speed machin- 
ery overbalance the advantages of increased speed. 

In deciding whether increased speeds are justified 
in a particular application, it is well to balance the rela- 
tive advantages as applied to the case in question. This 
brings to mind the case of a billet mill with very high 
roll-table speeds. The purpose of this was to obtain a 
very fast mill. After the mill had been put in operation 
it was found that the table speeds were so high that 
there was excessive slippage of the steel billets on the 
rolls. This meant that the steel did not travel as fast 
as was intended; in fact, when the roll speed was 
reduced, the billet speed was increased. 

There is also recalled the case of a coal bridge with 
a 200-ft. span and a trolley speed of 500 ft. per min. 
This high trolley speed could never be utilized because 
the average travel of the trolley was approximately 100 
ft. and the trolley did not have time to accelerate to 
this speed. Increasing the gear ratio between the motor 


and the track wheels brought about a lower running . 


speed, but actually decreased the traveling time of the 
trolley and greatly increased the number of trips made 
during a given time. This was due to the faster accel- 
eration obtained through increasing the gear ratio. 
Still another case may be mentioned—that of a skull 
cracker crane with a runway length of 100 ft. and a 
bridge motion speed of 200 ft. per min. Most of the 
movements made by the crane averaged about 10 ft. of 
travel. Obviously the high bridge speed was of no 


value; in fact, the bridge runway was not long enough 
to get the bridge up to full speed without danger of 
not being able to stop quickly enough to avoid running 
into the bumper at the other end of the runway. 
Such examples as these illustrate the necessity of 
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a very careful analysis of each case in which higher 
speeds are being considered, so that a careful balance 
may be drawn between the factors of production, first 
cost, maintenance and production delays. In many 
cases increased speeds will actually show economies 
and increased earnings, but indiscriminate use of them, 
just as a great many people follow the styles in cloth- 
ing and hair bobbing, are not likely to produce the 
records operating men like to talk about. 


—_——_—— 


O COMPLEX and va- 
ried are the every-day 
jobs of industrial men, 
that some sort of organiza- 
tion for accident prevention 





Everybody’s 
Business Is 


Nobody’s Business 











is imperative. The very 
large plants with many departments spread over wide 
areas have met this issue by establishing safety en- 
gineering organizations. Other establishments are get- 
ting good results through special committees whose 
members supervise or conduct regular inspections and 
prepare reports of findings for discussion by themselves 
and their executives. 

Now a movement is getting under way to turn the 
thinking of maintenance men into safety engineering 
channels. This idea is just as practical as it is bril- 
liant. Such men have “the run of the plant,” which 
removes their activities from the tender zones of inter- 
departmental authority. Since inspection forms such 
an important part of maintenance work in general, it 
would seem that the keen eyes and alert brains of the 
plant engineer’s staff from the “big poss” down might 
well be more generally utilized in this very essential 
field of service. Of all this, more anon, but in the mean- 
time let us be thinking about the fitness of maintenance 
personnel to undertake broader activities, co-operating 
with safety departments and committees where such 
are functioning, and pointing the way toward more 
thorough and systematic inspection in industrial plant 
operation as a whole. 





—_————. 

INCE manufacturers 

Over-Motoring through the Electric 
and Power Club standardized 
Under-Motoring on one rating for general 
purpose motors, much of 











the confusion resulting 
from two standards of motor ratings has been elimi- 
nated and there should be no further cause for over- 
motoring or under-motoring. Over-motoring is poor 
practice from the industrial engineer’s standpoint 
because it results in putting unnecessary expenditure 
in plant capitalization. Also, in the case of induction 
motors, it results in poor power factor requjring either 
a larger generating and distribution system or else 
power factor corrective apparatus, which necessitates 
a still larger increase in plant capitalization. Under- 
motoring is still worse because it runs up operating 
costs through increased maintenance and repairs and 
cuts down income through decreased production result- 
ing from repairs and delays. 

The factors governing motor applications and the 
traditions concerning what is required for a given 
installation have grown up around the 40-deg. motor. 
The industrial engineer in using any other rating 
governs himself to a large extent by his experience 
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with the 40-deg. motor and consequently many applica- 
tions of 50-deg. motors have resulted in under-motoring 
an installation. 

The adoption of the single standard of motor 
rating represents an economic saving not only to the 
manufacturers in standardization of designs and con- 
struction details, but also to the large number of motor 
users in the savings that will result from reduced plant 
investment and decreased maintenance due to correct 


motor applications. 
——<—>__— 





ERE’S a common- 


How, sense viewpoint that 
Where and is worthy of some study. 
Why? It is taken from the intro- 


duction of a sales bulletin, 
of an electrical instrument 
manufacturer, that says little about the instruments but 
much about the ways they can be used in industrial work 
to locate weak spots, to detect avoidable losses and to pre- 
vent troubles. Its obvious purpose is to sell instruments, 
but the way it goes about it reflects a knowledge of 
the operator’s problems and carries the conviction that 
when the operator realizes what he can accomplish with 
them, his good judgment will either dictate the purchase 
or open negotiations leading thereto without a flowery 
dissertation on the excellence of design and the usual 
sales verbiage that carries little practical information 
but much display of expensive and complicated illustra- 
tions and general talk. 





As a nation we are reputed to be the keenest manu- 
facturers on the globe and certain it is that when we buy 
raw materials or anything else entering into the cost of 
our products. we display unusual caution and intelligence. 
If this be so, why is it that the same degree of supervision 
as to cost and efficiency has not been generally applied to 
the purchase and use of electrical energy and electrical 
equipment ? 

The only conceivable answer is that the opportunities 
for saving have not been understood or else the subject 
has not been carefully studied; for it is obvious that elec- 
trical power costs money to generate and distribute and 
that like any other commodity it is susceptible to waste if 
not properly utilized. Furthermore, our knowledge of fac- 
tory equipment in general convinces us that mechanical or 
electrical equipment must be kept in the most ideal con- 
dition if we desire to prolong its life and make it do the 
maximum amount of useful work. 

The preceding remarks have a direct bearing upon the 
question of profits, for it is well known that there are two 
ways of increasing profits: one being to increase selling 
prices without additional manufacturing costs; the other, 
and more satisfactory method, being that of reducing man- 
ufacturing costs while maintaining usual selling prices, thus 
avoiding encouragement of competition. And it is with this 
latter method that the following pages deal. 

Lest you say to yourself that our remarks are merely 
a cloak to conceal the fact that we eventually hope to sell 
you some testing instruments, we at once proceed to remove 
any doubt on that score by acknowledging that our case 
is exactly like your own in that we are in business to sell 
the. products which we manufacture. However, we wish to 
emphasize this significant fact: namely, that we do not 
want to sell without rendering service and for every sale 
we make of the apparatus referred to in this book, our 
profits shall be reasonable and made only once, whereas 
your profit derived through its use by saving energy and 
protecting your electrical equipment, should annually be 
more than tenfold ours and should continue indefinitely. 


Most pieces of literature produced by a manufac- 
turer dealing with the products he makes and sells are 
interesting reflections of the way readers do not use 
that literature. The general impression that the usual 
catalog gives is that the user and buyer of the apparatus 
needs an equipment dictionary which he can consult, 
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with competitive sales information on how good the 
material or equipment is and information to prove that 
everybody is using it. How, where and why the product 
is used are points left to the imagination. And yet 
answers to questions on how, where and why are the 
points around which discussions revolve when talking 
with a prospective buyer on his home ground, where the 
practical problems of a job to be done that needs this 
or that piece of apparatus forces answers to these ques- 
tions. 

Moreover, a good answer to the why will often sug- 
gest an answer to the how and where in the mind of the 
user because he has the everyday problem of improving 
operations, installing new ones, avoiding troubles and 
reducing existing costs. He usually knows where to 
direct his attention but on how and why he should 
use something new or different, there is a wide oppor- 
tunity for difference of opinion and a whole lot of con- 
versation. Out of this the manufacturer wins or loses 
a.customer. If he has a good argument on his side in 
answer to the why of the problem and it will save money 
or improve operation the chances for a sale are good. 
But when the silent salesman in the form of a bulletin 
says nothing or little about the how, where and why, 
it’s just a piece of printed matter for which most of us 
have little more than a flying glance. 


ee 


RDINARiLY it is 

good policy to obey 
orders, or be able to show 
very good reasons for not 
doing so. However, when 
: such orders conflict with 
the teachings of experience, the man to whom the in- 
structions have been given is confronted with a situ- 
ation which requires much tact and good judgment for 
its solution. The manner in which the foreman in 
charge of the installation and maintenance of lineshafts 
and other power service equipment handles such situ- 
ations was recently told by the electrical engineer of a 
large works. 

“Often during our rush season it is necessary to 
rearrange machines or put up new lineshafts and coun- 
tershafts. Frequertly these are intended to be only 
temporary installations and it is very important to get 
them into operation as soon as possible—for every hour 
may mean a heavy loss in production—but I can’t get 
John to do anything except a first-class job. I have 
given him the strictest orders to hurry things through, 
and I have threatened him with all sorts of penalties, 
but it doesn’t do any good. He doesn’t argue about it, 
but I can’t force him to turn over the job until every- 
thing is properly lined up and in good shape. For him, 
temporary installations simply do not exist—and he is 
absolutely right!” 

So-called temporary installations have their place, 
of course, but unless they have been put in to meet an 
emergency and are removed or revamped after they 
have served that particular purpose they assume the 
status of permanent, poorly-aligned, power-wasting in- 
stallations of lineshafts, chains, gears and all of the 
other elements of power drives. The few dollars that 





When Temporary 
Installations 
Become Permanent 











may be saved by doing a hurried, slipshod job of instal- 
lation are socn wasted by the friction and other losses 
—and then these losses must be paid out of the profits 
of the business. 
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and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when.he asks a 


question that you can 
answer from your ex-, 


Who Can Answer 
These? 


Removing Flange Couplings from Line- 
shafting—In the rearrangement of 
a group of machines, it was neces- 
sary to remove some solid pulleys 
from a lineshaft and replace them 
with others. This necessitated re- 
moving and replacing the flange 
couplings. We were not able to re- 
place them so that they would run 
true and had to turn them down. I 
would like to know how other read- 
ers remove and replace flange coup- 
lings on lineshafts. 

North Chicago, Ill. G. F. H. 
* * *k * 

Meaning of Motor Nameplate Data— 
Can some reader tell me what “Open 
Hp. 10, Amps. 75,—Closed Hp. 5%, 
Amps. 43,” means in the case of a 
General Electric, d. ¢., compound- 
wound motor which has the follow- 
ing nameplate data: No. 95790, Form 
B, Speed 650, Volts 115, Open Hp. 
10, Amps. 75—Closed Hp. 54%, Amps. 


43. Pat’d Feb. 14-88 up to Jan. 
31-99. 
Mazatlan, Sinaloa, Mex. J.C. L. 

* * * * 


Supporting Load from Concrete Ceil- 
ing—In the rearrangement of the 
plant with which I am connected, we 
frequently find it necessary to sus- 
pend conveyors, motor platforms, 
countershafts, heavy radiators, and 
similar equipment from the ceiling of 
a reinforced concrete building. I 
am wondering if any of the readers 
of INDUSTRIAL ENGINEER have any in- 
formation on how heavy a load can 
be supported from expanded bolts. 
I would also like to find out what 
other readers consider the best 
method of fastening equipment to 
the ceiling. 
Chicago, Il. E. D. F. 

* * & * 

Does Voltage Above Normal Affect 
Power Bill?—-We buy power from a 
local power company at a line volt- 
age of 13,000 volts. The voltage in 
the plant is supposed to be 550, but 
we have an average voltage of 640 
to 700. Our motors are of the induc- 
tion type, ranging from 4 to 50 hp. 
Will there be any loss of power with 
the voltage higher than normal? If 
so, what will it amount to? When 


the voltage jumps from 620 to 700 
our indicating wattmeter will rise 
around 200 watts. 


Will this increase 


the reading of our kw.-hr. meter in 
proportion, or what per cent will it 
be? I have been checking very 
closely the power consumed and find 
that when we have high voltage the 
power runs higher also. I shall be 
very grateful for any information 
you can give me. 

Rock Hill, S. C. L. W. M. 

* * *k * 


Why Do Grounds Not Blow Fuses in 
Power House?—It always takes two 
grounds of opposite polarity to make 
a short circuit. In cities or in large 
industrial plants where there is much 
conduit work, there must be grounds. 
If there is a ground on the negative 
side of one building and a ground on 
the positive side of another, why 
would these not blow the main fuse 
or open the breaker in the power 
house? Again, under the conditions 
shown in the diagram, when testing 
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out building C, would it not be pos- 

sible to obtain results which would 

make one think that there is a ground 

somewhere in this building whereas 

it is located in building 4 or B? 

Worcester, Mass. I: B. 
* * * * 


Trouble with Single-Phase Induction 
Motor—Can some of the readers of 
INDUSTRIAL ENGINEER tell me what is 
the matter with a small, single-phase 
induction motor which fails to start 
when the switch is closed? Both the 
main and starting windings and the 
centrifugal switch have been tested 
and seem to be all right. After clos- 
ing the line switch and giving the 
rotor a quick start by means of a 
string, the rotor will sometimes 
quickly come to a stop, or apparently 
lock. Then, possibly the next time 
the switch is closed the motor will 
start from rest and run normally. 
This is a standard make of four-pole, 
60-cycle, 110-volt motor. I shall cer- 
tainly appreciate any suggestions you 
can give me as to what is the trouble 
and how it can be remedied. 
Uhrichsville, Ohio. RF. P. 


Orr 





Answers Received 
To Questions Asked 


Portable Electric Grinder Lacks Power 
—I shall appreciate it if some of our 
readers will answer the following 
questions. I have a_ single-phase 
portable grinder which has two wind- 
ings, starting and running, but the 
motor does not seem to have suffi- 
cient power when grinding. I should 
like to know if ‘this motor could be 
re-connected for three-phase opera- 
tion, eliminating the automatic cut- 
out on the rotor. The motor has 
twenty-four slots 5 in. deep and %z6 
in. wide. The iron back of the slots 
is % in. thick. Inside diameter of 
stator is 3% in., length of stator 2% 
in., diameter of rotor 3%. in. If this 
change is possible, what size wire and 
how many turns should be used and 
what will the pitch be? I should like 
to have it operate at 3,600 r.p.m. 

I have a small blower motor which 
operates at 220 volts direct current, 
and wish to change it to operate at 
110 volts direct current. Will I have 
to reconnect the armature or should 
it be entirely rewound? The commu- 
tator has twenty-four bars and the 
armature has twelve slots. 

Medina, Ohio. F. N. 


Answering C. F. N.’s question in 
the February issue, a single-phase 
motor when rewound for three-phase 
operation at the same voltage, speed 
and frequency will develop about 144 
times the original, single-phase hp. 
rating. Therefore, the motor in 
question would develop more torque 
and horsepower on three-phase. An- 
other advantage of the three-phase 
over the single-phase motor is the 
elimination of the cutout switch in 
the starting circuit. Considerable 
trouble is experienced with these 
switches sticking and not opening 
the circuit; this burns out the start- 
ing winding and very often the run- 
ning winding is also ruined. It is 
e well-known fact that a polyphase 
motor is more efficient and gives less 
trouble than a single-phase motor. 

The motor in question will be good 
for % hp. at 3,600 r.p.m. when 
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wound for two poles and operated on 
a three-phase, 60-cycle, 110-volt cir- 
cuit. There will be twenty-four two- 
layer mush coils, each coil having 
sixteen turns of one No. 17 single- 
cotton and enamel-covered magnet 
wire, pitch 1 and 8, connected series- 
star, four coils per group with six 
groups. For 220 volts, use thirty- 
two turns of one No. 20 silk-covered 
and enameled wire, 1 and 8 pitch, 
with the coils connected series-star. 

If possible to do so, I would use a 
No. 16 wire; this will increase the 
overload capacity. If high torque is 
required, use fourteen turns of No. 
16 single-cotton and enameled wire 
with the coils connected series-star 
for 110 volts. The rotor is OK and 
will stand 3,600 r.p.m., but be sure 
that it is well balanced mechanically. 
Detroit, Michigan. A. C. ROE. 

e+ £ & & 


Protecting Wires from Mechanical In- 
jury—How should the 5-ft. stretch of 
wire from floor to switch, shown in 
the accompanying diagram, be run 
for proper protection from mechani- 
cal injury? Knob and tube work is 
used throughout on this job, and the 
wire in question is to be installed in 
an unfinished stairway leading to a 
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‘cellar. There is no partition through 
which to fish the wire. Further, when 
the wall of the stairway is finished 
it is to be back-plastered; so there 
will be no partition even then. I shall 
appreciate it if some reader can tell 
me the best way to meet the above 
conditions. 
Concord, Mass. D. F. 

In reply to D. F.’s inquiry in the 
February issue of INDUSTRIAL EN- 
GINEER, the accompanying sketch 
shows a different method of wiring 
to accomplish the desired results. 

In this arrangement only two 
soldered and taped joints are re- 
quired to the feed lines, instead of 
four. Further, in case of an acci- 
dental short across the contacts of 
either three-way switch no fuse will 
blow or short circuit in the supply 
line. 

The single wire connection from 
the three-way switch at the door to 
the light may be a No. 14 single-con- 
ductor, armored flexible cable, which 
is about %e-in. in diameter. If this 
is too large or for some other reason 
objectionable, a No. 14 rubber-cov- 
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ered wire may be pulled through a 
small, annealed copper or brass tube. 
If this is not feasible a single-con- 
ductor, braided copper insulated 
wire with flexible sheathing, as used 
in automobile wiring, can be used. 
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Use of single-conductor armored 
cable in place where wire is ex- 
posed to mechanical injury. 


This is about %¢-in. in diameter and 
is designed for carrying a low am- 


perage — E. H. LAABS. 


Engineering Dep 
The Cutler- beens Mfg. Co., 
Milwaukee, Wis. 


* &© + 


Determining Charging Rate for Stor- 
age Battery —Can any of the readers 
of INDUSTRIAL ENGINEER tell me how 
to find out from a storage battery at 
what amperage it should be charged? 
Temiskaming, Que., Can. J.H.F. 
In answer to J. H. F.’s question in 

the December issue, the approximate 

charging rate of a storage battery 
may be determined by multiplying 
the square inch area of both sides of 
all the positive plates per cell by 

0.04. For example, a power battery 

has seventeen plates per cell, each 

plate measuring 18 in. x 20 in. 

There will be eight positive plates: 

then 8 X 2 X 18 X 20 X 0.04 = 230.4 

or 230 amp. charging rate. 

If the ampere-hour capacity of the 
battery is known, the rate may be 
determined by dividing this by 8. 
For example, with a battery rated 
at 1,000 amp.-hrs., 1,000 + 8 = 125 
amp. charging rate. 

General Electric Co., L. B. MORRILL. 

Boston, Mass. 

%* * * * 

J. H. F., whose question appeared 
in the December issue, should deter- 
mine, first, whether the battery 
needs charging. This is done by 
placing a voltmeter across the ter- 
minals of one cell only. For a lead 
cell at full charge the voltmeter will 
read about 2.2 volts; an Edison cell 
at full charge will read about 1.5 
volts. If the voltage of one lead cell 
reads about 1.8 volts it shows that 
a recharge is needed; a run-down 
Edison cell will read about 1.2 volts. 
In the case of the lead cells apply a 
direct current of a few amperes, say 
8-15 amp. for a trial, to raise the 
reading of the voltmeter about one 
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or two points. The high limit per 
cell must not exceed 2.6 volts and 
this limit should not be reached in 
a hurry. It should take 6-8 hr. if 
the battery is much run down. On 
the other hand, if the voltage does 
not rise noticeably after about 15 
min. increase the charge in amperes, 
being careful not to heat the cells 
above 115 deg. F., and do not let 
the voltage per cell at any time get 
above 2.6 volts, which is the high 
limit while on charge. 

With the Edison cells make the 
charge in amperes strong enough to 
raise the voltage of the meter 
slowly, taking 6-8 hr. for it to reach 
the upper limit of about 1.9 volts per 
cell, and not letting the temperature 
of the cells exceed 115 deg. F. 

For an extended charge, more 
than 6-8 hr., with the solution tem- 
perature not above 115 deg. F., 
simply reduce the ampere charge 
enough to keep the voltmeter per- 
haps one point under the high 
limit and allow the latter to be 
reached very gradually. In short, do 
not exceed the temperature limit or 
the high voltage limit of any kind 
of a cell on charge, and the battery 
will not be injured, even if left on 
the line at a reduced charge for 12, 
15, or 20 hr. H. S. RicH. 
New Britain, Conn. 

* * * *& 

The question by J. H. F. in the 
December issue could without doubt 
be answered best by the manufac- 
turer from whom the battery was 
purchased. The charging rate de- 
pends upon the active battery sur- 
face in a cell and is likely to vary 
somewhat with different types. 

In general for a lead-acid battery 
any charging rate is permissible 
that does not produce excessive gas- 
sing or a cell temperature greater 
than 110 deg. F. The value of the 
charging current at which gassing 
begins depends principally upon the 
state of charge of the battery. When 
a battery is fully discharged, a 
greater charging rate can be applied 
without causing gassing than if the 
battery is almost fully charged. For 
this reason the common practice is 
to start charging at a comparatively 
high rate at the beginning of charge, 
gradually reducing the rate as the 
charge progresses. By this method 
an average battery can be charged 
in about five hours. 

By watching carefully the charg- 
ing current, specific gravity, and 
temperature, a suitable charging 
rate can be determined, always bear- 
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ing in mind that it is necessary to 
keep temperature below 110 deg. F. 
and as soon as gassing is evident, 
to cut down on the charging rate. 


Comerio Falls, FREDERICK KRUG. 
Bayamon, Porto Rico. 
*% * * * 


Answering the question by J.H.F. 
in the December issue, the charg- 
ing rate of a storage battery may be 
calculated from the area of both 
sides of the positive plate, allowing 
0.04 amp. per sq. in. That is, if the 
plate surface is 2,500 sq. in., then 
0.04 & 2,500 — 100 amp., charging 
rate. JOHN H. GRIFFIN. 
Cedar Rapids, Ia. 

* * * *% 


Replying to J. H. F., whose ques- 
tion appeared in the December issue, 
when the charging rate of a storage 
battery is not given, and in the 
absence of instructions from the 
manufacturer of the battery, the 
charging rate may be determined ap- 
proximately by calculation, taking 
.040 amp. per sq. in. of positive plate 
surface as normal. This may be ver- 
ified after a few trials by noting the 
length of time elapsing from the be- 
ginning to the end of the charge, as 
evidenced by the voltage rising to 
2.5 and vigorous gassing of the cell. 
The maximum charging rate is that 
at which the cell will absorb energy 
without heating more than 25 deg. F. 
above a reference temperature of 
77 deg. F., or gassing excessively. 

MARTIN G. LANE. 

* * %& 

Effect of Armature Coil with Reversed 
Polarity—Sometime ago this question 
was raised in our shop: Will a re- 
versed polarity coil in an armature 
burn out while running, or what 
effect will it have on the armature? 

I contend that in order to burn out 

a coil a heavy current must flow in 
that coil, which could only be caused 
by a short circuit. As all coils are 
connected in series, current of the 
same amount would flow in each; if 
one were reversed it would oppose 
the action of the others and having 
only the same amperage through it 
as the others it could only oppose 
with the strength of one coil, and 
would neutralize one armature coil. 


I should like to hear from some of 
the readers of INDUSTRIAL ENGINEER 


on this question. 

McKeesport, Pa. E. K. 

Replying to E. K.’s question in the 
February issue, I have never seen a 
reversed armature coil burn out. At 
the moment of commutation the coil 
will be under poles of the wrong po- 
larity, causing a reverse emf. which 
opposes that of the other coils and 
causes excessive sparking at the 
brushes, and also lowers the effi- 
ciency of the machine. 


Denver, Colo. 
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The winding will heat up to some 
extent because the circuit contain- 
ing the reversed coil will generate 
a lower voltage than the others, 
thereby causing a circulating cur- 
rent to flow through the winding. 
Middleport, Ohio. ELZA HERRMANN. 

* * %* %* 


Why Do the Fuses on this Circuit 
Blow?—I recently wired a large con- 
crete warehouse and should like to 
know why the 10-amp. fuses on the 
watchman’s lighting circuit blow 
after the current has been on for a 
few hours. As shown in the diagram 
below, this circuit is controlled by 
two 3-way switches. No. 8 wire in 
1-in. conduit is used throughout for 
this 110-volt a. c. circuit which con- 
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tains five 100-watt lamps. From the 
panel to the first pull box, 4, a circuit 
of No. 12 wire runs in the same con- 
duit, and from the pull box, B, 
through the light X, another circuit 
of No. 12 wire is pulled through the 
same conduit. A grounded neutral at 
the transformer secondary supplies 
this building. Can some reader help 


me out? 
Los Angeles, Calif. A. W. W. 


In answer to A. W. W.’s question 
in the January issue, I am of the 
opinion that he has a high-resistance 
ground on his circuit; perhaps this 
was caused by a small piece of insu- 
lation being nicked off a conductor 
at an outlet, while pulling in the 
wires. The length of time required 
for the fuses to reach their melting 
temperature may be due to the fact 
that only a small area of bare cop- 
per would be exposed, and that the 
enamel coating on the inside of the 
conduit has a high resistance. Again, 
the trouble may be caused by a pig- 
tail splice, which is generally made 
at outlet boxes. A sliver of metal at 
the splice may have pierced the in- 
sulation and made contact with the 
box. 

As the transformers are grounded 
at the secondary neutral I advise 
temporarily removing the ground 
wire from the conduit system. If 
the fuses fail to blow within a rea- 
sonable length of time it is evident 
that the circuit is grounded, even 
though the ground may be of high 
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resistance. Then replace the ground 
wire and test for grounds in the 
usual way. 

I hope the above information may 
assist A. W. W. in locating the 
trouble on his cireuit. 

New Orleans, La. OVIDE C. HARRIS. 


ee ee 


In reply to the question asked by 
A. W. W. in the January issue, I 
would suggest that he look for a 
loose connection close to the fuses, 
or a loose fuse receptacle or clips. 
I once had the same trouble on a 
house installation and after some 
time I found a loose plug receptacle. 

Of course, a partial ground would 
also cause the fuses to blow; so I 
advise that he also test out the cir- 
cuit for a slight ground. 

I hope this information will be of 


‘some use to A. W. W. 


Haledon, N. J. GEORGE ZEHNACKER. 
e+ &£ &F & 


With reference to A. W. W.’s 
question in the January issue, from 
past experience I would say that he 
has one wire grounded in his condu- 
let fittings at one or more places. 
Inasmuch as the conduit is grounded 
only through the concrete, which is 
of high resistance, the current flow- 
ing is not enough to blow the fuses 
immediately, but will allow them to 
heat slowly until they reach their 
melting point. Then they go out. 

I would suggest that A. W. W. 
ground his conduit to a water pipe 
or other good ground and open the 
circuit at any convenient place. Be 
sure to keep the ends of the wires 
from touching anything. Then 
throw in the switch at the panel and 
if the fuses blow immediately it 
shows that the trouble lies between 
the place opened and the panel box. 
If this test shows that the circuit is 
clear up to this point, keep on open- 
ing and testing in this manner until 
the trouble is located. 


Chief Electrician, EARLE N. DILLARD. 


Booth-Kelly Co.,. Y 
Springfield, Ore. 
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A. W. W. asks in the January is- 
sue why the fuses in one of his in- 
stallations blow. He says in his de- 
scription that the neutral in the 
transformer is grounded; so if 
there is not load enough on the cir- 
cuit to blow the fuse, there must be 
a ground at times on the live side. 

In a case of trouble which I saw 
recently a 100-watt lamp in an en- 
closed shade so heated the wires, 
which were rubber covered No. 18 
fixture wires, that the rubber be- 
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came softened and through pressure 
either grounded or short circuited 
and blew the fuse. A smaller light 
caused no trouble. The circuit was 
less than normally loaded with the 
100-watt lamp. Something of this 
sort may also be the cause of A. W. 
W.’s trouble. EDWARD A. GIBBS. 


Boston, Mass. 
* * %* * 


Preventing Corrosion of Iron Storage 
Battery Racks—I should like to ask 
your readers what treatment can be 
given to iron racks for storage bat- 
teries which will prevent the spilled 
acid from attacking the iron.. We 
use the lead type of battery filled 
with dilute sulphuric acid. We have 
a large number of storage batteries 
and recently some iron racks have 
been constructed. All of these racks 
were painted with several coats of 
the best grade of asphaltum black 
paint but this does not protect the 
iron when acid is spilled on it, nor 
does any kind of paint that I have 
tried. ; 

We have had considerable trouble 
due to the corrosive effect of the acid 
forming a substance resembling sand 
which falls into the jars below. This 
produces excessive iron in the solu- 
tion, making a change of acid neces- 
sary. I shall appreciate it if anyone 
can tell me how to overcome this. 
Atlanta, Ga. J. B: 


In answer to J. B.’s question in a 
recent issue of INDUSTRIAL ENGI- 
NEER, I have had good success in 
preventing corrosion of battery. 
racks by washing them with strong 
solution of common baking soda and 
painting them, when dry, with a 
mixture of white lead and tallow. 
This procedure should be repeated 
as soon as corrosion begins to show 


again. EARLE N. DILLARD. 


Chief Electrician, 
Booth-Kelley Co., 
Springfield, Ore. 
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Commutator Connections of Two-Pole, 
Compound - Wound Motor —I should 
like to see a diagram showing how to 
connect the starting and finishing 
ends of coils to the commutator of a 
two- pole, compound - wound motor, 
which is rated at % hp., 220 volts, 
8.7 amp., 1575 r.p.m. The coils have 
twenty turns of No. 22 s.c.c. wire. 
There are twenty-four slots, two 
coils per slot, and forty-eight bars. 
Morrero, La. P. D. H. 
P. D. H. asks in a recent issue 

how to connect the commutator leads 
of a two-pole compound motor. As 
a general rule, if the coils wind to 
the left the top leads throw to the 
left and the bottom leads to the left 
of the top leads. If the coils wind to 
the right, the leads throw to the 
right. If the coils connect to the 
left the finish lead of one coil con- 
nects to the start lead of the next 
coil to the left. 

A compound-wound field does not 
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Commutator connections of two- 
pole, compound-wound motor. 





affect the connections on the arma- 
ture. P. D. H. speaks of using 
single-cotton-covered wire on the 
armature. It would be better to use 
either single-cotton-enameled wire 
or double-covered cotton, as single- 
covered cotton shorts easily. 
GEORGE RINGNESS, 

* * * * 


Referring to P. D. H.’s question in 
a recent issue, the diagram shows 
the method of connecting the coil 
leads to the commutator. The 
coil pitch is 1 and 12. To connect 
up the armature take any one coil 
and find its two top leads, as X and 
Y; then with a test light find the 
two bottom leads. Let W be the bot- 
tom lead of coil A, and Z that of coil 
B. Next, call the tooth to the right 
of slot 1, tooth No. 1. Count over to 
tooth No. 6, as shown, then take a 
piece of string and find the approx- 
imate center of tooth No. 6 and use 
this string to line out to the commu- 
tator on a line parallel to the axis 
of the shaft. Call the commutator 
bar this line falls on, No. 2; the bar 


Peoria, Il. 
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Method of connecting leads to 
commutator of two-pole, com- 
pound-wound motor. 
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to the left of this, No. 1, and the bar 
to the right of the line out, No. 3. 
Then put the bottom lead of coil 
A in bar No. 2 and the bottom lead 
of coil B in bar No. 3, as shown by 
the dotted line. Note that it is im- 
material which coils are called A and 
B, as these are only indicated in the 
diagram to illustrate the method of 
locating the bottom leads. After 
these two bottom ijeads are in piace, 
take the bottom leads from the next 
slot to the right and put one of these 
in each of the next two adjacent 
bars. Proceed in this way until all 
of the bottom leads are down. Then 
with a test light find the top leads 
as follows: 

With one test lead on bar No. 2, 
find the top lead that lights and put 
this top lead in bar No. 1. Then put 
the test lead on bar No. 3 and find 
its top lead and put it in bar No. 2. 
Put the test lead on bar No. 4, find 
its top lead and put it in bar No. 3, 
and so on around the armature, 
working around in a clockwise direc- 
tion for a left-hand winding. A 
winding is left-hand when the top 
or finishing leads are on the left- 
hand side, looking at the commuta- 
tor end. For a right-hand winding, 
proceed in a counter-clockwise direc- 
tion around the armature. 

Detroit, Mich. A. C. Rog, 

* % * * 

Path Followed by Current in D. C. Gen- 
erator—I wish some readers would 
show by a diagram the commutator 
connections and the path followed by 
the current in a direct-current gen- 
erator which has two poles, 29 seg- 
ments, 15 slots and 15 coils with a 
winding pitch of 1 and 4. The ma- 
chine has two brushes set at 90 deg. 
I removed a short circuit from the 
armature of this machine and after- 
wards drew a diagram to trace the 
current. Owing to the winding pitch 
I failed to get the right direction of 
current flow for each coil. I have 
had considerable experience in wind- 
ing d. c. and a. ec. machines but this 
is the first time that I have seen a 
machine of this design. 

Libby, Mont. J. Q. W. 

In a recent issue of INDUSTRIAL 
ENGINEER, J. Q. W. asked for the 
connection diagram of a two-pole 
d.c. generator which has twenty-nine 
segments, fifteen coils and fifteen 
slots. From the description of this 
armature I believe that if he will ex- 
amine the fields he will find that the 
machine has two field coils and four 
pole pieces, two of the pole pieces 
having no winding on them, but re- 
ceiving their flux from the other two 
which are connected for the same 
polarity. A. SOULEN. 
Warren, Ind. 
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The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 


or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 
be welcome. 
























Red Spot on 
Wall Behind Fire Extinguisher 
Saves Priceless Seconds 


S A result of familiarity through 
constant occupation of a shop 

the equipment for fire protection 
tends to become commonplace and 
out of mind, unless attention is 
focused upon it. One way of doing 





A red panel on the wall points out 
the fire extinguisher. 


After workers have grown familiar 
with their surroundings through 
constant association their eyes may 
pass over a fire extinguisher in an 
emergency, unless it is made to 
stand out from its surroundings. 
The red background, if kept bright 
by frequent paintings, makes it easy 
to “spot” fire protection equipment 
even from some distance. 


this is by means of bright signs. In 
a Connecticut factory the panels on 
the wall behind the extinguishers 
are painted bright red (red photo- 
graphs black) as indicated in the 
accompanying illustration. In addi- 
tion, the fire prevention rules, which 
tell what to do in case of fire, are 
mounted above the extinguisher. 
The eye inevitably “takes in” the 
extinguisher as it hangs in front of 
such a background as it is only nec- 
essary to look for the “red spot.” 

In the shop yard red arrows with 
signs indicate the location of the 
factory fire alarm boxes. These are 
also found helpful in locating this 
protective installation in a hurry. 
The red panels and arrows should 
be large enough so that they can be 
spotted from some distance. Fre- 
quent repaintings help to keep these 
spots bright and more easily seen in 
an emergency. H.S. KNOWLTON. 


Boston, Mass. 
—__—~<—__—_—_ 


How to Make Extension Handle 
for Lamp Changer 


T IS often necessary to replace or 

remove lamps which are mounted 
at a considerable distance from the 
floor, or in some location where it is 
difficult to place a ladder. In such 
cases the lamp changer is a useful 
device. In order to meet special con- 
ditions I made a telescoping exten- 
sion for a lamp changer which fur- 
ther increases its usefulness and al- 
lows the work of replacing lamps to 
be performed with much greater 
safety to the workman. 

The illustration shows how this 
extension was made. The lamp 
changer was forced onto a short 


length of %-in. conduit, A. A 10-in. 
length of 14-in. pipe was then at- 
tached to the piece of -conduit by a 
rivet, B, which passes through both 
pipe and conduit. Then a piece of 
14-in. conduit 10 ft. long, C, was 
slipped over the %-in. pipe. A 
coupling was sawed through on one 
side, parallel to its axis, and slipped 
over the upper end of the conduit. 
This coupling, as well as the con- 
duit, was drilled and tapped for a 
4-in. setscrew, the coupling being 
used to give a greater thickness of 
metal to hold the setscrew. 

When using the lamp changer the 
handle is extended to the proper 
length and the setscrew tightened; 
after using it the setscrew is loos- 
ened and the handle telescoped so 
that it can be carried more easily or 
stowed away conveniently until 
needed again. J. H. SAUVE. 


Temiskaming Que., Can. 











| The lamp changer is 
ie mounted on a 10-ft. 
TES ener length of iron pipe 
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Practical Safety Don’ts for the 
Electrical Department 


HE following list of safety 

dont’s is multigraphed on an 8- 
in. by 11-in. sheet and furnished to 
the members of our electrical de- 
partment. Before beginning work 
each new man is required to read 
and sign a copy. 


REGULATIONS For THE ELECTRICAL 
DEPARTMENT 


DON’T—Start motor before ringing 
signal bell, and waiting 15 
seconds. 

DON’T—Start a motor having a cau- 
tion sign on controller before 
inspecting shafting or ma- 
chine that motor drives. 

DON’T—Use ladders without spurs. 


DON’T—Use ladders with broken or 
dull spurs. 


DON’T—Use broken ladders or any but 
regulation type. 

DON’T—Use short ladders on boxes or 
blocks. 


DON’T—Use ladders as supports for 
scaffolds or heavy weights. 

DON’T—Work above machines in mo- 
tion. 

DON’T—Work on ladders in traffic 
aisles, alleys or runways with- 
out man on floor end. 

DON’T—Work on poles, long ladders, 
high scaffolds or in_ boat- 
swains chair if unfamiliar. 

DON’T—Use metallic rules, tapes or 
metal-bound wood rules around 
live apparatus. 

DON’T—Work near rope or belt drives 
in motion with any loose wire, 
hauling ropes, or loose-fitting 
clothes. 

DON’T—Take any wiring or construc- 
tion materials from storeroom 
without written order by Shop 
Attendant. Give him job num- 
ber when ordering. 

DON’T—Leave any supplies or waste 
material on job after comple- 
tion. Return them to store- 
room and give list to Shop At- 

tendant to credit job with. 
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This applies to both old and 
new material. 


DON’T—Use solder melting or cable- 
splicing apparatus without 
having two fire extinguishers 
near at hand. 


DON’T—Use any matches that are not 
of approved safety type pro- 
vided by the company. 


DON’T—Leave material of any descrip- 
tion lying around job, on 
floors, boxes or shelves. Keep 
together in suitable receptacle. 
Violation of this rule is cause 
for dismissal. 


DON’T—Lay tools or loose material on 
scaffolds, beams, overhead 
platforms or any place where 
liable to fall. 


While these safety rules and reg- 
ulations apply particularly to condi- 
tions in our textile mill they will no 
doubt also apply as well to the work 
of men engaged in the installation 
and maintenance of mechanical 
equipment for any mill or factory. 

WILLIAM MCNALLY. 


American apna ces Co; 
Brooklyn, N. Y. 


apitiasadeliieai 
Painting with 
Air Brush at One-Fifth of 
Brush Work Cost 


ECENTLY a midwestern fac- 

tory in enlarging its quarters 
found it necessary to repaint the in- 
terior of a building which had not 
been painted for several years. As 
time was an important element a 
portable paint spray outfit was pur- 
chased and one man put at work. 
The cost of air painting on this job 
was about one-fifth of the lowest 
estimate on what it would have cost 
by hand. The total saving amounted 
to several thousand dollars. In ad- 
dition the compressed air forced the 
paint into all cracks and closed 
them up securely and permanently. 








201 


Removing Large Foundations 


With Dynamite 


EMOVING concrete founda- 

tions by ordinary methods is a 
slow and expensive job. As in most 
cases this is rush work, other meth- 
ods, such as the use of dynamite, 
sometimes offer opportunities to 
speed up the work and decrease the 
cost. For example, dynamite was 
successfully employed recently at a 
Philadelphia paint works to blast 
out a concrete pit which carried a 
set of track scales and was removed 
to make way for larger scales. The 
pit was about 65 ft. in length and its 
four walls were approximately 2 ft. 
in thickness and 10 ft. deep. It was 
also tied in at the bottom with heavy 
concrete cross sections. 

The job presented some diffi- 
culties, because one of the side walls 
of the pit was about 2 ft. from a 
building with a number of windows. 
A similar building was _ located 
across the roadway some 20 ft. dis- 
tant. 

The cost of breaking up this pit 
by methods other than dynamite 
was estimated to be well over $1,000. 
It was successfully broken with 
about $15 worth of explosives and 
the time of one driller with a jack- 
hammer air drill and of one blaster, 
who each worked less than three 
days. Successive charges of dyna- 
mite were placed at the proper 
points in the concrete and the walls 
broken down in sections. The shots 
were so gaged that no damage was 
done to surrounding buildings. 





These two illustrations show the 
covering of the concrete pit foun- 
dation to prevent broken pieces 
flying about when blasting. 
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vag, Around the Works 











For this section ideas and practical methods Ls 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 
tion, overhauling, testing or special installations. 



































Electric Heaters for Drying 
Out Large Motor 


T ONE time I served as electri- 
Li cian on a_ suction dredger 
whose centrifugal pump was driven 
by a 750-hp., 2,200-volt, three-phase, 
wound-rotor motor. Inasmuch as 
there was very little space between 
the motor and the other equipment, 
so that it was very difficult to make 
repairs, we took the best possible 
care of it in order to prevent a 
breakdown. The motor was, of 
course, in a very damp location and 
to avoid trouble from this source I 
made up several electric heaters for 
drying it out. These heaters were so 
easily and cheaply made and worked 
so satisfactorily that a description 
of them may be interesting. 

As will be seen from the illustra- 
tion the heater. consisted of a hard- 
wood frame, well braced at the cor- 
ners, with loops of No. 10 iron wire 
supported by two rows of screw eyes 

‘in the two sides of the frame. Mica 
was placed under the screw eyes to 
keep the wood from charring. The 
ends of the resistance wire were 
connected to two terminals in one 
end of the frame. These terminals 
consisted of long, 1%-in. brass 
screws, with the heads cut off, which 
were passed through brass plates 
1% in. thick and 3 in. square. Two 
plates were used for each terminal, 
one on the inside and one on the out- 
side of the frame. Under each plate 
was a layer of sheet asbestos to pro- 
tect the wood of the frame. 

The brass screws forming the ter- 
minal posts were held in place by 
locknuts on each side. In order to 
avoid the possibility of grounding, 


the holes where the screws passed 
through the wood were made consid- 
erably larger than the holes in the 
brass plates. 

Power was delivered to the dredge 
at 11,000 volts through a submarine 
cable. Three delta-connected trans- 
formers were used on board, giving 
2,200 volts. When in use the heat- 
ers were kept, for the sake of long 
life, at a “black heat,” which meant 
that they had to be operated at 440 
volts. When it was necessary to use 
the heaters during a shut-down, one 
cf the transformers was _ discon- 
nected, leaving the other two con- 
nected in open delta so that it was 
possible to operate the other 
2,200-volt motors. The third trans- 
former was then operated at 2,200 
volts on the primary side, which 
gave 440 volts on the secondary for 
the heaters. Although this may 
seem like a cumbersome way of se- 
curing the proper voltage for the 
heaters, it was the best that we 
could do with the equipment avail- 
able, and the transformers were so 
arranged that we could make the 
neéessary changes either way in 
about 10 min. 





The heaters were made by sup- 
porting loops of No. 10 wire on 
screw eyes in the two sides of a 
hardwood frame.. enters 


The rotor of the large motor had 
eight spokes and by turning it so 
that the spokes came in line with 
the braces on the end bells six heat- 
ers could be placed in the rotor. 
When the heaters were in place a 
tarpaulin was thrown over the mo- 
tor, to dry it out and keep it dry. 
San Francisco, Calif. S. H. SAMUELS. 
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Two Schemes for Controlling 
Lights From Two Points 


HE following comments have 
been received relative to a short 
article by P. Justus, which appeared 
under the above heading on page 99 
of the February issue of INDUSTRIAL -- 

ENGINEER.—EDITORS. 
* * %* * 


I noticed on page 99 of the Feb- 
ruary, 1924, issue a cut of hot-line 
3-way switches in an article by P. 
Justus. In view of Rule 24, Section 
C of the 1920 National Electrical 
Code and Article 12, Rule 1204, Sec- 
tion A of the 1923 code, which states 
that, “Three-way switches shall be 
classed as single-pole switches and 
shall be so wired that only one pole 
of the circuit will be carried to 
either switch,” I think there should 
be a note of explanation regarding 
this illustration, to the effect that 
the method of connection shown is 
not permitted under these rules. — 
Philadelphia, Pa. C. B. HUMPHREYS. 

* * + 

On page 99 of the February issue 
there was a short article by P. Jus- 
tus.. giving two schemes for the 


-shook-up. of 3-point switches. I 


would suggest that before any elec- 
trician attempts to install 3-point 
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switches according to Fig. 2 of that 
article, he had better consult Sec- 
tion 1204a of the 1923 National 
Electrical Code. This states that 
three-way switches shall be classed 
as single-pole switches and shall be 
so wired that only one pole of the 
circuit will be carried to either 
switch. While the practicability of 
work installed in accordance with 
Fig. 2 is all right, it might cause 
some embarrassment and inconven- 
ience to the electrician installing it, 
if it has to be passed on by a local 
electrical inspector. W. C. GRUBB. 
Auburn Junction, Ind. 

+ &© & & : 

On page 99 of INDUSTRIAL ENGI- 
NEER for February there are shown 
two methods of connection for the 
two-location control of a circuit in 
which two 3-way switches are used. 

It should be noted that the scheme 
shown in Fig. 2 is prohibited in Rule 
1204a of the 1923 National Electri- 
cal Code, which specifies that, 
“Three-way switches shall be classed 
as single-pole switches and shall be 
so wired that only one pole of the 
circuit will be carried to either 
switch.” 

Hence, the wiring shown in Fig. 2 
should never be employed in instal- 
lations that are subject to the juris- 
diction of electrical departments 
which follow the National Electri- 
cal Code. It is a fact that the ‘Wir- 
ing method of Fig. 2 has decided ad- 
vantages for certain conditions and 
that it may also, under certain con- 
ditions, be much more economical of 
material than that of Fig. 1. 
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Construction details of 
brake for testing large 
and medium-size motors. 
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Our feeling here is that the 
method of Fig. 2 is entirely safe and 
often justified. However, it has the 
disadvantage that it reverses the po- 
larity of the socket shells; this con- 
flicts with the 1923 Code ruling 
which specifies that the shells of all 
lamp sockets shall be connected to 


grounded wire. TERRELL CROFT. 


Directing Engineer, 
Terrell Croft Engineering Co., 
St. Louis, Mo. 


pay PELE ESR 
Simple Brake for Testing Motors 
Up to 100-Hp. Rating 


BRAKE which was built in a 
New Jersey shop for testing 
motors up te 100-hp. rating, gives 
very accurate results. Bands of 
automobile brake lining pressing on 
a steel pulley give the braking 
effect. One end of these bands is 
attached to a wooden scale beam 
which is balanced by means of iron 
weights. There are two main 4-in. 
belts passing up and three-quarters 
around the pulley, where they are 
connected to a 2-in. belt, the end of 
which is fastened by a wire to a 
small spring scale. The brake lin- 
ing is of asbestos interwoven with 
brass or copper wire and stands the 
heat well. In order to lessen the 
friction, maple-wood strips are in- 
serted between the band and the 
pulley. The construction of the 
brake is shown in the illustration. 
In making a test, after the belt is 
placed around the pulley the beam 
is balanced by means of the sliding 
weight V. As the motor is brought 
up to speed the belt tends to lift the 
beam. To put different loads on the 
motor the weight L is changed. The 
beam is so proportioned that 1 Ib. at 
L will give a pull of 5 Ib. on the belt. 
The pulley shown has a diameter of 
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25.2 in. and a 12-in. face. With a 
pulley of this diameter twice the net 
pull in pounds multiplied by the rev- 
olutions per minute and divided by 
10,000 gives the horsepower directly. 
This pulley may be used for any 
torque up to 300 lb.-ft. A 12.6-in. 
pulley is used for measurements up 
to a torque of 100 lb.-ft. To prevent 
the pulley overheating it is flanged 
so that it will hold water during a 
test. 

Care must be taken to prevent the 
belts jamming around the pulley and 
tearing loose, with possible serious 
damage. The best results are ob- 
tained when the spring balance pull 
is about one-tenth of the main belt 
pull. The net pull, which is used 
to calculate brake-horsepower, is the 
pull on the main belt minus the pull 
on the spring scale. 

The bearings of the scale beam are 
carefully lined and are babbitted. 
The arm is counter-balanced for its 
own weight and that of the belts and 
fittings by weight W and the sliding 
weight V. The frame of the brake 
must be strong enough to stand an 
upward pull of 1,000 Ib. 


Chief Tester, F. W. Gay. 


Crocker-Wheeler Company, 
Ampere, N. J. 
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Use of Aerial Power Cables in 


Industrial Plants 


ERIAL power cables suspended 
from a messenger attached to 
poles or other convenient supports 
are worthy of careful consideration 
by the engineer who is responsible 
for an assured continuous supply of 
power for operating machinery. 
Central station companies are grad- 
ually coming to use multiple conduc- 
tor cables in this way and many of 
the reasons which make this good 
practice under certain circumstances 
also apply to large industrial plants. 
In the first place open wires for 
high-voltage circuits are dangerous 
in congested locations unless very 
expensive construction is employed. 
Furthermore, interruptions of serv- 
ice are quite likely to’ occur with 
open wires. Aside from the possi- 
bility of insulators breaking down 
and damage from sleet and wind, 
there is always the liability of some 
injury by traveling cranes handling 
an unusually large object or by acci- 
dents from entirely unforeseen 
causes. Strange and unexpected 
things happen in plants engaged in 
heavy operations. In a steel plant 
where the wires were carried on a 
bracket structure attached to the 
side of a long building, they were 
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put out of service every once in a 
while by an avalanche of snow slid- 
ing off the high sloping roof. An 
aerial cable has been substituted for 
the open wires and since that time 
there has been no trouble. Another 
place where this practice proved 
beneficial was where a 6,600-volt cir- 
cuit passed under a coal hoist; in 
this case the cable was protected by 
steel wire spirally wound over the 
lead sheath, similar to a submarine 
cable. 

Of course, trouble may be prac- 
tically eliminated by underground 
construction and this is employed in 
many cases but it is expensive and 
rarely pays except where an entirely 
new plant is being laid out. In old 
plants where electrification of the 
various machines is gradual and 
piecemeal, the wires are usually at- 
tached to poles, roofs, or brackets on 
the sides of buildings. It not infre- 
quently happens that it is economical 
to have 6,600-volt circuits for motors 
of 150 hp. or over or for tying in 
substations with each other and with 
the generating station, if there is 
one, and it is in such cases that it 
is good practice to use cables. Ex- 
amples of this method have been ob- 
served in steel mills, one of which 
has nearly two miles of it, as well as 
in other industrial plants. 

The objection may be raised that 
cable is more expensive than open 
wires. This is undeniable but it is 
equally undeniable that the mainte- 
nance and depreciation are so much 
less as to be almost negligible. Prac- 
tically everyone who has used aerial 
cable says that there is never any 
trouble and they forget that they 
have a cable. But the most impor- 
tant advantage of cable from the 
practical standpoint is the almost 
complete assurance of continuous 
service. In many of the operations 
in the steel industry, for instance, 
the value of the material in process 
of manufacture is so great and the 
damage to materials and loss in op- 
erating efficiency so serious in case 
of accidental interruptions of power 
that it pays to spend money on equip- 
ment that will eliminate or substan- 
tially decrease such troubles. In 
fact, the attitude of the electrical 
engineers responsible for the supply 
of electrical energy is Shown by the 
fact that in the two steel mills men- 
tioned these men regularly install 
cables designed for double the op- 
erating voltage actually used in or- 
der to increaSe the factor of safety. 
As both of them have expressed it, 
the comparatively small increase in 
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the first cost of the cable is insig- through his meter. Each tenant 
nificant when compared to the great could thus light his own lamp and 
importance of delivering energy all those below him, but none above 
where and when it is wanted. him. 

New Canaan, Conn. F. A. WESTBROOK. The lamps used are only 25-watt 
rating, but they were wired as de- 
scribed in order to avoid any impo- 
Method of Wiring for Lights sition. In other words whoever 


at Stairway switches on, pays. 
} As will be seen from the illustra- 
ECENTLY it was necessary to tion the top floor switch was wired 


place a small lamp on each rear : 
landing of a three-family tenement rection, ‘but, the ‘frst and. second 
. oe — bet wehiotg cs ioc floors were wired to their respective 
’ meters in the basement, as the lines 
in the ceilings could not be reached. 
“ — To Top Floor Line l0Wolts AC san wires from the power supply 
irect to the switches must be on 
































2 Point Flush Switch 

3rd Floor ele piss the same side of the circuit. 

In reality the job was simple 
- Watt Te oe enough and was done by one man in 

‘oui AT Point Flush Switch 12 hr. at a cost of about $10. 
2nd Floor New Britain, Conn. H. S. RIcH. 
—_—_—_—_ 

25 Watt ‘ 
Lemp |} 3Pomt Flush Switch Method of Starting Motors With 
Ist Floor Damaged Compensator 

N a large industrial plant where 








a large number of 2,200-volt 
Basement , three-phase induction motors are in 
st Floor Meter 2nd Floor Meter 4 

use, these have been started with 

» entirely satisfactory results when 

Arrangement of wiring so that the one coil in the starting compensator 

switch on each floor will light was cut out as shown in the accom- 

stairway lamps on all floors below, = panying illustration. Spare coils 
but not above. 2 ‘ : 

are carried in stock for all of the 

larger compensators, but occasion- 


long after the building was com- lly a coil burns out that can not be 
pleted. Inasmuch as no one family Yrepaired or for which no replace- 
was to bear all the expense of the ment is available. When this occurs 
lighting and there was no special the damaged coil is disconnected and 
meter for this service, it was de- jumpers are placed as shown. While 
cided to arrange the wiring so that this is, of course, an emergency 
each tenant could switch onto his method of maintaining service it 
own meter the lamps on the floors be- has always given good results, un- 
low him. Thus, if the third-floor ten- til a new coil could be obtained. 

ant desired a light his switch would FREDERICK KRUG. 


light the lamps on all three floors {omerio Falls, Bayamon, 



























































































































































= 
Z | a 5 | ? Fuses 
[606666666] Cable 
C 
Generator oP 
Tey _ Back 
2 ta ] Finger Block I 
Oil Switch al, le — . 
ylinder == 
Starting | Front 
Side TT st] s /inger Block 
e : E 3 zt The damaged coil of the com- 
_— 3 < | <<  pensator is temporarily shunted 
P 3 z & out until a new coil can be ob- 
“4 an tained. 
“  — = 














April, 1924 


[INDUSTRIAL ENGINEER 





















Mechanical Maintenance of 





This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 


Power 


ing 


Drives 














element through transmitting 


equipment to all driven machines. 








Trouble Reduced by 
Use of Ball Bearings on Mine 
Locomotives 


WING to trouble with the 

brass-lined bearings on the 
motors of mine locomotives, J. C. 
Kendall, Hancock, Mich., reports 
that the Quincy Mining Company 
(Mich.) found it necessary to re- 
place these bearings with ball bear- 
ings. The trouble was due to the 
armature heating up at times of 
overload and melting the grease out 
of the bearings. With no grease in 


the bearing the shaft would cut the 


linings out and allow the armature 
to drop down on the pole pieces. To 
remedy the trouble it was decided 
to try ball bearings; so the bearing 
caps shown in the illustration were 
built to replace the old caps. 

To prevent the ball race from 
turning -on the shaft a jam nut is 





Bearing caps like these were used 
when brass-lined bearings were 
replaced by ball bearings on the 
motors of mine locomotives. 


tightened against it on the pinion 
end of the shaft. On the commuta- 
tor end a washer and cap screw per- 
form the same function. The bear- 
ing- shown in the sketch is for the 
pinion end, the one for the commu- 
tator end being slightly smaller. 

Sixteen two-motor locomotives 
with sixty-four bearings were 
changed in this manner some time 
ago, and since then no bearing trou- 
bles have been experienced. 


instante 


Change in Grade of Oil Cause 
of Bearing Failure 


N INTERESTING case of lub- 
rication trouble came to the 
writer’s attention recently on the 
motor end of a flywheel motor-gen- 
erator set, (3,000 hp., 505 r.p.m., 
2,300 volts) which supplies the d.c. 
power to the main drive motor of a 
reversing blooming mill. During the 
regular overhauling at the week-end, 
the oil was drained from one of the 
bearings of the motor, and the oil 
basin cleaned out and filled to the 
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proper level with clean oil. On Mon- 
day morning the motor-generator 
set was started as usual and the 
bearings were given the customary 
inspection to see that the oil rings 
were running freely and carrying up 
cil. About two hours later it was 
noticed that the bearing in which the 
oil had been changed, was heating. 
Preventive measures were taken but 
before they became effective the bab- 
bitt melted and the shaft dropped. 
The motor was stopped before any 
damage was done to the rotor. 

After considerable trouble the mo- 
tor shaft was jacked up, the ped- 
estal removed and the bearing taken 
out. Inspection disclosed no dirt or 
other foreign matter, either on the 
shaft or in the oil. 

Examination of the oil showed 
that it was of a somewhat lighter 
grade than was formerly used. It 
was found that because of a differ- 
ence in price an oil made by another 
manufacturer and which was said to 
be of the same grade as the origi- 
nal oil, was bought by the purchas- 
ing department. The storeroom gave 
the maintenance man this oil for use 
on the machine and no mention was 
made of the change of manufacturer. 
The trouble encountered proved that 
the oil was not of the same grade 
and was not suited to the needs of 
the bearings on this machine. 

A new bearing was put in the mo- 
tor and the original grade and make 
of oil was substituted for the oil in 
question. No further bearing trouble 
was encountered on this -machine. 
In the writer’s opinion changes 
should never be made in the grade 





206 


or make of oil used on important 
drives until careful tests have shown 
that the new oil is suited to the serv- 


ice requirements. U. A. J. 
Chicago, Ill. 
ee 


Individual Drive for Swinging 
Frame Cross-Cut Saw 
T,“OR driving a swinging-frame 

cross-cut saw, an industrial plant 


in Connecticut has adopted the 
method illustrated of mounting the 





Mounting the motor on the cross- 
frame of the saw was a convenient 
way of obtaining individual drive. 





motor directly on the cross-frame of 
the saw. The motor is served from 
a wall outlet just back of it, the con- 
ductors being coiled to allow swing- 
ing of saw. In order to protect the 
operator from injury the belt is in- 
cased by a wooden guard, as shown 
in the illustration. The motor is 
controlled by means of a 30-amp. 
C. R. General Electric push-and-pull 
switch mounted near the operator. 


—_—_—<—_——_ 


Application of Direct Drive to 
Drill Press 


N ONE SHOP where the various 

items of machine shop equipment 
were driven from a lineshaft, it was 
desired to avoid the necessity of 
driving the entire line of shafting 
and pulleys to operate only the drill 
press which was, as usual, the most 
frequently used piece of equipment. 
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The adoption of direct motor drive 
was decided upon; after considera- 
tion of the possible methods of 
mounting the motor it was decided 
to mount the latter in a vertical posi- 
tion, as shown in the illustration. 
For this purpose a simple form of 
strap belt was made to encircle the 
drill press frame at the back and 
support a baseplate to which the 
motor was securely bolted. A direct 
belt drive to the spindle was then 
possible, without the use of inter- 
mediate pulleys or shaft. 

This motor has been operated ver- 
tically for more than a year and the 
installation has proven to be very 
satisfactory, although there was 
some apprehension at first that the 
bearings would not stand up. While 
it was the original intention to place 
a small thrust-plate directly under 
the armature shaft, this has not 
been found necessary as the interior 
thrust bearings in the motor are 
adequate for the weight of the ar- 


mature. G. A. LUERS. 
Washington, D. C. 
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How an Uneven Belt was Made to 
Run True 


HE defective portion of the 
driving belt of a high-speed, 
three-bearing generator was re- 
cently removed and replaced by a 
new piece. When the machine was 
started, following the repair, the 
belt persisted in running off to one 
side, bringing one edge in contact 
with the outboard-bearing pedestal 
of the generator. As a result, the 
edge of the belt became stretched 
and worn and began to flare out. 
The difficulty was overcome by 
transferring the crown of the pulley 
from the middle of the pulley face to 
a point nearer the center bearing. 
A ring of %-in. holes was drilled 
around the pulley face at the place 
it was desired to have the new crown 
and a strip of rawhide belt lacing 
riveted in place. After this the belt 
ran true, as the effect of the new 
crown was to force the belt to the 


center of pulley. A. J. DIxon. 
St. Louis, Mo. 

















The motor was bolted to a base- 
plate which is supported by strap 
ere on the back of the drill press 
rame. 
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In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 


\ 




















Brass Face for Hammer Reduces 
Weight of Kit 


HE brass hammer is a very use- 
ful tool for pounding on parts 
which would be injured if the ordi- 
nary machinist’s hammer were used. 
However, it is one of the heavy tools 
of the repair kit and if both it and 
a machinist’s hammer must be car- 
ried the weight of the kit is consid- 
erably increased. The method which 
was adopted by one repairman to 
keep down the weight of his kit is 
shown in the illustration. As will 
be seen he made the brass face as a 
detachable part of his hammer. 
This was done by drilling a short 
piece of heavy bar stock for a close 






Bor 
Wp 
The brass face for the machinist’s 
hammer is made by drilling heavy 
bar stock to fit over the peen head 


and providing set-screws to hold 
it in place. 





fit over the peen head of the ham- 
mer; two holes were then drilled 
and tapped for setscrews to hold it 
in place. 

When the brass face is attached to 
the hammer, driving work is accom- 
plished with the same facility that 
is provided with a solid hammer. 
When detached the brass face can 
readily be stowed in the kit without 
adding any appreciable extra weight. 
Washington, D. C. G. A. LUERS. 
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Two Repair Shop Experiences 
That Taught Lessons 


OME TIME ago, when making 
repairs outside of the shop, we 
were working on an elevator whose 
reversing switch repeatedly burned 
out the contacts. On this switch the 
armature and shunt contacts broke 
the connection at the same time; the 
armature contacts had a_ sharp, 
snapping spark to them. When the 
shunt fields were connected across 
the lines permanently, the armature 
contacts barely sparked when the 
machine stopped. We then put the 
field leads back where they belonged 
and put a suitable resistance across 
the field leads to take care of the 
field discharge and the switch has 
operated satisfactorily for several 
years. 
When relating my shop experi- 
ences, I may as well give one of our 
prize mistakes in the hope that it 


_ will prevent some other repairman 


from doing likewise. This happened 
when we changed the throw of the 
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coils on the armature of a Westing- 


house interpole motor. The plant 
first sent in the armature alone to 
be rewound. The armature had 
fifty-nine coils and was wound 1-16. 
This checks out 1-16-31-46-61, or two 
past the number of coils. Before 
this, we had always thought that if 
the throw did not come out even it 
was better to wind it under rather 
than over. As 1-15 came out 1-15- 
29-43-57 we wound it 1-15 without 
changing the throw of the top lead 
or the span of the bottoms from the 
top. 

When the armature was put back 
into service it ran all right under 
no-load, but sparked and ran hot 
under load. The entire motor was 
then sent into the shop and we found 
that by shifting the brushes we 
could reduce the sparking but not 
the heating. We then wound the 
armature 1-16 and the machine has 
run fine ever since. Evidently the 
Westinghouse Company must set 
their brushes by the throw of the 
bottom lead. We also found that it 
does not pay to change the throw of 
the coils from the factory span. 

I hope these experiences will be 
helpful to some of the other readers 
and would like to get some of theirs. 
GEORGE RINGNESS. 
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Shield for Chisels Keeps Chips 
From Flying 

ANY times when using a chisel 

we want to keep the chips 

from flying, when the metal is worth 

saving or the chips will annoy other 

workmen or get into electrical equip- 

ment. The accompanying drawing 

shows a shield that can be applied 

to chisels to keep chips from flying 

about, save windows and keep work- 

men from complaining about “the 
other fellow.” 

The clip is made of piano or other 
spring wire formed so as to grip 
the chisel. The shield is made of 
thin sheet stock, with the ends 
curled to slip over the bent-up por- 
tion of the clip. The clip can be 
slipped back and forth on the chisel 


Peoria, Ill. 


Shield 


Clip 


A piece of spring wire is bent to 
form a clip which grips the chisel 
and supports a thin metal shield. 
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to get the required distance, and 
bent to get the proper height of the 
shield. When grinding the chisel 
the clip may be slipped back out of 
the way or removed entirely. By 
making a fair-sized loop the clip will 
have sufficient spring to enable it to 
be used on several sizes of chisels. 
Detroit, Mich. NELSON HALL. 


———<——— 


Rewinding 44-Volt Generator 
to Give 1,000 Volts 


OT long ago I received a call 

from the officer in charge of a 
government radio station to come 
out and look over a generator with 
a view to making some changes in 
it. I was much elated over the pros- 
pect of adding this station to my 
list of customers, but upon arrival 
and being shown the machine and 
the nature of the proposed changes 
my elation was, for a time, suddenly 
changed to something else. 

The proposed changes involved 
not only a rewinding job but also a 
re-designing job, due to the fact 
that the new voltage was to be many 
times that for which the machine 
was designed. At the outset it was 
apparent that design. procedure 
should be reversed, in that it would 
be most expedient to make the ar- 
mature fit in with the fixed field 
conditions. The original rating was 
44 volts, 22.5 amp., 1 kw., and the 
problem was to convert this ma- 
chine into a generator that would 
deliver 0.5 amp. at 1,000 volts. The 
machine was an old one with a 
smooth core armature, four poles 
and 121 commutator bars. The 
armature core was 6 in. in diameter 
and about 6 in. long. The commu- 
tator was approximately 4% in. in 
diameter, making the bars quite 
small. 

After stripping the armature it 
was sent to the machine shop to 
have thirty slots milled in it. It 
came back with the job done per- 
fectly. Work was then started on 
the commutator—the real seat of 
all the trouble. Every fourth bar 
was removed and then three bars 
were connected together to form one 
bar. This gave us thirty bars for 
the new winding. The necessary 
precaution was taken to reinforce 
the commutator and brush stud in- 
sulation and the armature was then 
ready for the new winding. Because 
of the large number of turns per 
coil (110) we took no special pre- 
cautions with the coil insulation, as 
the voltage per turn was low and 
the coil voltage was also compara- 
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tively low. The co-efficient of self- 
induction was also about as it was 
with the old winding, due to the 
lessened current output. 

The procedure that really made 
the work successful was this: By 
removing every fourth bar the dis- 
tance between bars was made great 
enough to prevent flashover. At the 
same time, the period of commuta- 
tion was kept about the same as be- 
fore; in fact the period was less 
with the new winding. 

After the winding had been put 
on the space between the bars was 
filled with a mixture of powdered 
mica, glue and plaster of paris of 
the right proportion to give it-about 
the same wearing rate as the bars. 
The winding was.then heated and 
dipped in. air-drying varnish, the 
commutator was turned down and 
the winding was tested with 3,000 
volts alternating current for one 
minute. The commutator was tested 
between bars with 350 volts. These 
tests being passed satisfactorily, the 
machine was ready to be given the 
trial run. 

The generator was equipped with 
four brush studs, but only two 
brushes were in place and I was 
just a bit dubious about trying it 
under these conditions, because I 
realized that with the other brushes 
in place on the commutator the com- 
mutation would be much better. 
However, it was started up with no 
load and with a little more than 
half of the field resistance in and 
the voltmeter reading about 700, 
the region between the two brush 
studs was a solid mass of fire. This 
was found to be due to two causes: 
Due care had not been exercised in 
removing the dust after the brushes 
had been fitted; also the two 
brushes were collecting too much 
current at this voltage. With a 
clean commutator, and the other 
brushes in place the machine was 
started up and the voltmeter showed 
about 1,200 volts with only an occa- 
sional faint spark at the brush tips. 

A long message had been pre- 
pared, as a test, to be sent to an- 
other station and when the machine 
was connected to the sending appa- 
ratus, with less field than was used 
in the trial run, the pointer of the 
ammeter connected in the antenna 
circuit went off the scale. The send- 
ing of this message consumed about 
one hour and fifteen minutes and in- 
asmuch as the generator hummed 
along with practically no more 
sparking than on no load, we as- 
sumed that it was all right, which 
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assumption has proven to be correct 
after more than a year of continu- 
ous service. It is interesting to re- 
call in this connection, that the man- 
ufacturer of this machine said it 
could not be made to operate at the 
potential desired, and advised buy- 
ing one with two separate armature 
windings, each designed for 600 
volts. : 

All of which goes to show that 
when one of those “impossible” jobs 
comes along, it pays to give it a 
trial. D. L. WAYNE. 


Chief Electrician. 
Prairie View State College, 
Prairie View, Texas. 


— 
Easily-Made. Hacksaw Frame for 
Heavy Work 


HE ordinary hack-saw frame 

can be purchased so cheaply 
that generally there is nothing to 
be gained by making one yourself. 
However, the one described below is 
much stronger than the very cheap 
types and the knowledge of how it 
was made may help someone who 
wishes a stronger hack-saw frame 
than the ordinary type, or who has 
the time to make one. 

The frame was made by bending 
to the proper shape a piece of 14-in. 
wrought-iron pipe about 20 in. in 
length, the radius of the bends being 
about 3 in. This left a frame like 
the letter D, except for the front 
vertical line, the end pieces being 
4 in. or 5 in. in length and the back 
about 13 in. long. 

A %-in. hole was drilled through 
each end of the pipe. In these holes 
were pieces of steel rod, square in 
section between the frame and the 
saw, but threaded on the portion 
which went through the holes in the 
frame.. On one end of one of these 
rods there was an ordinary hexagon 
nut to hold it in place. The part of 
the other rod which went through 
the frame was fitted with a wing 
nut and had a much longer thread 
than was cut in the one on the other 
side. ; 

In the square ends of the rods 
small holes were drilled and pins, 
made from nails, were driven into 
them tightly and the end of the nails 
cut off. This left short projections 
onto which the ends of the saw were 
hooked; after the saw was in place 
it could be drawn up tightly by 
means of the wing nut on one of the 
rods. 

There was no handle, as the user 
was expected to guide the saw by 
means of the vertical ends. 
Westfield, N. J. G. H. McKELWAY. 
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Applying Insulating 
Varnishes 


(Continued from page 186) 


and along with it any oil that may 
still remain. If the armature is to 
be stripped, scrubbing with a wire 
brush as soon as the armature is 
removed from the washing tank will 
take off all the old varnish from the 
surface and render the removal of 
the coils much easier. 

If the gasoline in the washing 
tank is allowed to stand after use 
for some time, the dirt and some of 
the oil will sink to the bottom and 
can easily be drawn off, leaving the 
remaining gasoline fit for use once 
more. 

As many additional coats of the 
baking varnish may be applied as 
is thought necessary, bearing in 
mind that for protection against 
moisture, oil, etc., a perfectly con- 
tinuous coat is necessary. Cracks or 
breaks in the continuity will permit 
oil, moisture and conducting par- 
ticles to enter the coil, with disas- 
trous results as far as protection 
against shorts or grounds is con- 
cerned. Fibrous insulation, such as 
cotton, has many stiff hair-like 
fibres that tend to pierce the var- 
nish film. When they do they act 
like wicks and tend to draw mois- 
ture and oil into the interior of the 
coil by capillary attraction. These 
fibres must be completely covered. 
Because of lack of time and produc- 
tion expense it is not always prac- 
ticable to apply five or six coats in 
the manner described above; hence 
the results desired are approximated 
by applying as many baked coats as 
possible and then following with one 
or more applications of air-drying 
varnish to obtain the continuity of 
film. 


APPLICATION OF BRUSHING AND 
SPRAYING METHOD 


These air-drying or finishing var- 
nishes may be applied by either 
brushing or spraying. If the brush 
is used special care must be taken. 
It is best to apply liberally at first 
and then, after squeezing the excess 
varnish from the brush, go over the 
whole surface with a thin coat, 
smoothing it down until a good, even 
film is obtained. Even with the 





Fig. 5—Vacuum pressure impreg- 
nation outfit in shop of Atwater- 
Kent Manufacturing Co., Philadel- 
phia, Pa., as made by the Buffalo 
Foundry Machine Co., Buffalo, N. Y. 
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greatest care, however, some parts 
are very likely to be overlooked. 

It is not wise to depend upon 
brushing for the entire treatment 
of coils. It is impossible by this 
means to force the varnish into the 
interstices where insulation is most 
needed. Hence brushing is recom- 
mended for cases where surface pro- 
tection only is required. 

The Air Spray.—Spraying is con- 
sidered preferable to brushing. The 
work can be done evenly and quickly. 
It does not, however, insure the com- 
plete filling of the coil and hence it 
is advised only for the finishing ap- 
plications as an alternative for the 
brushed coat. It uses a little more 
varnish that when the hand brush 
is used, because heavier coats are 
applied. The expense of applica- 
tion, however, will be no more be- 
cause of the saving in time and 
labor required for treatment of a 
given piece. 

The spray is simply an air brush 
in which compressed air forces the 
varnish out through a nozzle in a 
very finely divided state. Much of 
the solvent is evaporated between 
the time the varnish leaves the 
nozzle and the time it strikes the 
work. Hence it will be found that 
the varnish film dries much faster 
than in any other application. In 


spraying large pieces such as com- 
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plete stators, by the time the first 
coat has been completely put on, the 
surface where the start was made is 
dry enough for a second application. 
Thus very thick coats can be built 
up in a comparatively short time. 

Before selecting a sprayer the 
amount of work to be turned out per 
day should be determined, as well as 
the size of the largest piece to be 
treated. Then consult a reliable 
manufacturer of varnish air spray- 
ers, giving him at that time the 
maximum air pressure available in 
your shop. Nozzles with adjustable 
size openings are the best, as they 
may be adapted to the particular 
kind of varnish used. An air trans- 
former set to remove dirt, moisture 
and oil from the compressed air, to- 
gether with the connections and 
proper exhaust arrangement, should 
be installed at the time the sprayer 
is put in. The exhaust equipment 
consists of a hood connected to the 
outside air with a suction fan to 
draw the fumes and vapors away 
from the room. 

When through using the sprayer 
for the day, it should be thoroughly 
cleaned, particularly the nozzles, 
taking care that no partially dried 
varnish remains to clog the open- 
ings. The thinner used for the var- 
nish is entirely suited for this pur- 
pose. 
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In some shops where no oven is 
available and where dependence is 
placed upon the brushing or spray- 
ing method, it is the practice to dry 
the coils by passing an electric cur- 
rent through the windings. This has 
the advantage that the varnish is 
dried first inside the coil without the 
formation of a surface skin. Hence 
thorough drying is obtained 
throughout. It is, however, costly 
and therefore not economical when 
an oven is available. 


PRINCIPLES OF VACUUM-PRESSURE 
IMPREGNATING METHOD 


Still another method of applying 
insulating varnish to coils is by 
means of vacuum-pressure impreg- 
nation. Suitable sets for this pur- 
pose can be purchased outright. 
They consist of a storage tank for 
the varnish, a pressure tank that 
can be sealed so that no air can get 
in or out, and a vacuum pump. 

The coils to be treated are placed 
in the pressure tank and heated to 
about 220 deg. F. All valves are 
closed except that leading to the 
vacuum pump. The pump is started 
and run slowly for from 1 hr. for 
small coils to 4 or 5 hr. for those of 
large cross section. This process 
removes all occluded air and mois- 
ture from the interstices of the coil. 
That is, it simply takes the place of 
the preheating of the work in the 
dipping system. 

At the end of this time the heat is 
reduced to about 70 deg. F. and the 
best vacuum possible is drawn. The 
valve to the storage tank is then 
opened, without breaking the 
vacuum, and sufficient varnish is 
drawn into the pressure tank to 
completely cover the pieces. The 
valve to the storage tank is then 
closed and the pump stopped, after 
which air is let in through the valve 
at the top until atmospheric press- 
ure is reached. This valve is next 
closed and the pump started in the 
opposite direction so as to create a 
pressure of about 15 lb. This is 
maintained for from % hr. to 5 hr., 
depending upon the structure of the 
coils: and the viscosity of the ma- 
terial used. Then the valve to the 
storage tank is opened with the 
pressure still on but reduced to that 
just sufficient to force the varnish 
out of the pressure tank. When the 
material is all back in the storage 
tank again, the valve is closed and 
the coils taken out. They will be 


found to be well drained but should 
be allowed to stand for at least an 
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hour at room temperature so as to 
allow the varnish to partially set. 
They should then be baked in ex- 
actly the same manner as has been 
described in the dipping and baking 
method. 

In general this method is alto- 
gether too expensive in comparison 
with the results obtained for ordi- 
nary use. Simple dipping will pro- 
duce like results provided that it be 
remembered that a longer time is 
required to completely fill the in- 
terior of the coils. 

The process is, however, the only 
one that will give satisfactory re- 
sults when solid compounds are to 
be used instead of the varnish. 
These compounds have the advan- 
tage that there is no solvent to evap- 
orate and hence they completely fill 
the coils in the first application. It 
must be remembered, however, that 
they resoften under heat and are 
therefore, unsuited for the treatment 
of those coils which are subjected 
to extremely high temperatures, or 
for the treatment of moving parts 
where the soft compound is likely to 
be thrown out by centrifugal force. 

The operation of the impregna- 
tion set is the same for compounds 
as for varnish except that the stor- 
age tank must be provided with 
heating coils capable of bringing the 
compound up to a liquid state. These 
heating coils should be placed in 
such a position that the compound 
is heated from all sides at the same 
time, rather than applying a very 
high temperature to the bottom of 
the tank. If this latter is done the 
compound at the bottom becomes 
liquid while that at the top is almost 
solid and an eruption is quite likely 
to follow. Also, the temperature of 
the pressure tank must be main- 
tained throughout the entire opera- 
tion at that which is required to 
keep the compound in the liquid 
state. Generally the pressure re- 
quired to force the compound into 
the coil should be at least twice that 
required when varnish is used. 

As the compound is repeatedly 
heated and cooled the temperature 
at which it. liquifies gradually rises 
until a point is reached where it is 
impracticable, if not impossible, to 
melt it. Before this time arrives it 
is well to add a compound reducer. 
This reducer is usually a lower melt- 
ing point compound having other- 
wise exactly the same characteris- 
tics as the original and mixing 
perfectly with it. Once the storage 
tank has been filled with compound 
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it is generally unnecessary to add 
anything except reducer to replace 
that which is used in the coils. 

The type of apparatus needed in 
the average shop for the proper ap- 
plication of insulating varnishes and 
compounds has been outlined briefly 
together with a description of the 
general methods to be followed. 
Whatever method is chosen for ap- 
plying the varnish, be sure that the 
equipment is kept clean. Dirty 
equipment ruins insulation quite as 
quickly as does a faulty application. 
Wash your brushes or air spray as 
soon as you are through using them. 
Clean the varnish tank and strain 
the varnish at regular intervals. 
Remove the accumulation of dried 
varnish from the bottom of the oven. 
As in other lines of work, dirt 
breeds trouble. Keep your varnish- 
ing room and apparatus clean. 


—_——_@—___ 


Goodyear Tire and 
Rubber Company 


(Continued from page 163) 


the world. The wholesale value alone 
of all the many rubber products 
manufactured in 1923 was upward 
of one billion dollars. In addition, 
the industry employs at the pres- 
ent time approximately 200,000 peo- 
ple in 170 manufacturing plants. 

After the crude rubber is re- 
ceived it must be washed and worked 
up several times under heavy rolls to 
get it into usable form. In one of 
these rolling or milling processes, 
the crude rubber is mixed with vari- 
ous compounds, such as _ sulphur, 
litharge, coloring matter and other 
materials. In the manufacture of 
rubber goods in which cotton cloth 
is used, the cloth is impregnated 
with the rubber compound, or “fric- 
tioned.” These coats are worked to- 
gether under pressure and vulcan- 
ized under heat and pressure, which 
gives the goods their accustomed ap- 
pearance. This treatment also sets 
the frictioned coat and gives the 
rubber the life and qualities which 
are required of it. 

Automobile tires, one of the most 
prominent rubber products, are now 
largely made by automatic machines 
instead of by hand as was the for- 
mer practice. This has resulted in 
the production of a better tire, be- 
cause a machine can lay the fric- 
tion-coated fabric or cord much 
more smoothly and evenly and draw 
it to the proper tension much better 
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than can be done by hand. One of 
the big problems of the industry is 
the seasonal demand for one of the 
most important products—automo- 
bile tires. To get steady produc- 
tion the year around requires large 
investments in finished materials. 





Lineshafting and 
Hangers 


(Continued from page 182) 


the shaft, which would in this way 
cause extra friction in the bearings 
and an uneven or vibrating drive. If 
the belt is too tight any bend is 
pulled straight with every revolu- 
tion; this results in a heavy power 
loss. It is not at all uncommon to 
find shafts which are bent enough 
so that it may be noticed by the eye 
as the lineshaft is in slow operation 
during the starting or stopping 
period. 

Post hangers are used commonly 
to fasten shafting to posts or walls. 
These are made rigid and with two- 
or four-point adjustments. Where it 
is necessary to get the extension, as 
is necessary on a wall to permit the 
use of pulleys, extension arms are 
used. Rigid post hangers or boxes 
give but little opportunity for ad- 
justment. Where adjustment and 
realignment are so difficult there is 
more excuse for neglecting misalign- 
ment. Post hangers are not used as 
much today as formerly due to the 
changes in modern building con- 
struction. With steel frame or 
trussed buildings the hangers are 
mounted on I-beams attached in turn 
to the steel trusses. Modern con- 
crete buildings set special anchor- 
ages in the concrete ceiling to sup- 
port shafting or other loads. 

Pillow blocks are more commonly 
used on large shafts or in severe 
work. Here the cap of the bearing 
is usually held down with four cap 
screws and is much more rigid than 
in a four-point, adjustable shaft 
hanger where the bearing is held 
simply by the ends of four bolts. 
Sometimes on heavy-duty shafts 
pillow blocks are used on brackets 
as post hangers. Where the service 
is severe, and generally on shafting 
larger than 4'%e6 in., special sling 
hangers with pillow blocks on the 
wedge adjusting base plates are 
used to suspend shaftings. Heavy 


floor stands with adjustable pillow 
blocks are used in similar floor serv- 
ice. Whenever possible pillow blocks 
are mounted on concrete founda- 
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tions when used for heavy service. 





Pressed steel shaft hangers are- 


being used quite extensively in ordi- 
nary industrial lineshaft applica- 
tions. They are not generally used 
in heavy power service or in the 
larger sizes. Practically all are 
made with four-point adjustment. 

A later article will take up a dis- 
cussion of the various types of bear- 
ings used in lineshaft operation. 


Epitor’s Nore: Special acknowl- 
edgment is made to the following 
companies for assistance in furnishing 
information, data and illustrations for 
this and the other articles which ap- 
pear on this subject: Allis-Chalmers 
Mfg. Co., Milwaukee, Wis.; American 
Pulley Co. ., Philadelphia, Pa.; Bond 
Foundry & Machine Co., Manheim, Pa.; 
H. W. Caldwell & Son Co., Chicago, 
Ill.; W. E. Caldwell Co., Louisville, Ky.; 
Chicago Pulley & Shafting Co., Chi- 
cago, Ill.; Dodge Manufacturing Co., 
Mishawaka, Ind.; The Fafnir Bearing 
Co., New Britain, Conn.; Falls Clutch 
& Machinery Co., Cuyahoga Falls, 
Ohio; Gund Manufacturing Co., La 
Crosse, Wis., The Hill Clutch and Ma- 
chine Co., Cleveland, Ohio; Hyatt Roller 
Bearing Co., Newark, N We As 
Jones Foundry & Machine Co. .» Chi- 
cago, Ill.; Link-Belt Co., Chicago, IIL; 
Medart Co. . St. Louis, ’Mo.; “se Midwest 
Steel & Supply Co., Inc., New York, 
N. Y.; Royersford Foundry & Machine 
Co., Philadelphia, Pa., Standard Pressed 
Steel Co., Jenkinstown, Pa.; The Skayef 
Ball Bearing Co., New York, N. Y.; The 
Transmission Ball Bearing Co., Buffalo, 
N. Y.; Weller Manufacturing Co., Chi- 
cago, Ill.; T. B. Wood’s Sons Co., 
Chambersburg, Pa. 





Frequency Changes 
in A. C. Windings 


(Continued from page 193) 


60-cycle winding, the original 25- 
cycle turns and wire size could be 
used. The only changes required 
would be in the coil pitch. In this 
case all new coils would have to be 
made up, as it is hardly ever possible 
to spring coils back the amount re- 
quired in this change. 

In any change the final calcula- 
tions can vary at least 10 per cent 
higher or lower from the actual re- 
quired amounts without any serious 
results in the operation of the 
changed windings. 

When the use of these tables is 
thoroughly understood they will 
save considerable time and worry 
when it is desired to make any of 
the changes that have been de- 
scribed. 

Changes in Rotors.—The state- 
ments thus far in this article cover 
the stator winding, but when chang- 
ing the frequency, the rotor is also 
affected. If the rotor is of the 
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squirrel-cage type, the resistance of 
the end rings will have to be altered. 
When the frequency is raised the re- 
sistance of both end rings must be 
increased. If the starting and full- 
lead torques are to remain the same, 
on a 25 to 60 cycle change, the cross 
section of each end ring should be 
reduced one-half. If this is not 
done, the motor will pull an exces- 
sive current while starting and will 
also take a higher full-load current. 

Therefore, when increasing the 
frequency, increase the resistance 
of the rotor end rings by. decreasing 
the cross section of each ring ac- 
cording to the following propor- 
tional relation: A is to B as D is to 
C, from which the following formula 
is derived: A+B equals D+C or 
B=AC~+D, where A equals the 
area in square inches of each end 
ring at the old frequency, B the re- 
quired area at the new frequency, 
C the old number of cycles and D 
the new number of cycles. 

With a small cycle change, such 
as 40 to 60, 25 to 40, etc., the rotor 
can be put in a lathe and a cut taken 
off each end ring and with a 25 to 
60 cycle change reducing the area 
of each ring one-half will be suffi- 
cient. When reducing the fre- 
quency, say, from 60 to 25 cycles, 
the resistance of the rotor end rings 
must be decreased, or the cross sec- 
tional area in square inches in- 
creased as indicated by the above 
formula, the letters having the same 
meaning. With a small frequency 
change such as 60 to 40, 40 to 25, 
etc., brazing the rotor bars to each 
end ring will decrease the resistance 
a sufficient amount. 

The above changes are important 
and should be made regardless of 
any change made in the number of 
poles in the stator winding. The 
above statements are based on the 
fact that the resistance of the rotor 
end-rings on a 25-cycle motor is 
lower than that of the rings on a 
corresponding 60-cycle motor; con- 
versely a 60-cycle motor will have 
higher resistance rings than those 
of a corresponding 25-cycle motor. 

When the rotor is of the slip-ring 
type, and a change in the number of 
poles is made in the stator winding, 
a .corresponding change must also 
be made in the rotor winding. That 
is, the rotor winding must be con- 
sidered in the same light as the 
stator winding and the coil pitch 
checked. Then if a change is re- 
quired, vary the turns per coil and 
size of wire according to the tables 
governing the stator change. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 

















Midwest Steel and Supply Company, 
Inc., 28 West Forty-Fourth Street, 
New York, N. Y.—The 54-page ar- 
chitects’ and engineers’ data book on 
“Midwest Steel Sections” shows 
numerous methods and types of an- 
chorage for erecting and supporting 
overhead shafting layouts, piping, 
cables, machinery, monorails, car 
tracks and various other equipment, 
either overhead, on the wall or the 
floor. Particular attention is given 
to types of anchorage and methods 
of installations in concrete buildings 
especially toward making provision 
for such anchorage in the construc- 
tion of the building. 


National Electric Manufacturing Com- 
pany, Inc., 651 Chatfield - Woods 
Building, Pittsburgh, Pa.—Folders 
describe the “Syntron” electric ham- 
mer and illustrate its use for drilling 
or chipping. This is of about the 
size and appearance of an electric 
drill and will strike 60 hammer blows 
a second. The hammer head is driven 
back and forth between two coil mag- 
nets. This can be used for drilling 
or chipping and is portable so that 
it can be carried to any part of the 
plant. It is especially applicable for 
miscellaneous drilling in concrete 
such as is necessary for erecting 
machinery or for other miscellaneous 
maintenance and erection work. 


U. S. Galvanizing and Plating Equip- 
ment Corporation, 32 Stockton Street, 
Brooklyn, N. Y.—A folder describes 
the U. S. moving electrode plating 
apparatus for plating with nickel, 
brass, copper, tin, silver, gold or zinc. 
This not only gives a description of 
the equipment and the advantages 
claimed for it, but also indicates the 
variety of work done. 


Detroit Torch and Manufacturing Com- 
pany, Detroit, Mich—A folder illus- 
trates and describes the various De- 
troit portable torches and fire pots. 

Crown Die and Tool Company, 555 
West Monroe Street, Chicago, IIl. 
—A 16-page catalog covers Crown 
pipe stocks, dies, cutters, reamers, 
portable pipe benches, and portable 
and bench vises. Diagonally serrated 
pipe-cutter wheels are claimed to be 
easy cutting and have a long life. 
These are made to fit any standard 
size of pipe cutters. 


Warren Manufacturing Company, Nat- 
ick, Mass.—A folder describes the 
Acme portable lamp and floor stand 
which has an adjustable arm so that 
it can cover any point within an 8-ft. 
circle and reach to a height of 7 ft. 

Electric Tester Manufacturing and 
Sales Corporation, East Sixth and 
Stark Streets, Portland, Ore—A 


folder describes the Universal fuse 
and circuit tester for testing alter- 
nating- or direct-current circuits of 
110 to 600 volts. This tester is 


Weston Electrical 


Wilboken 


The Imperial 


Whiting Corporation, 


claimed to be amateur-proof and is 
compact, as it weighs only 8 ounces. 
The lamp is enclosed so that there 
is no danger of glass flying in case 
of breakage. 

Instrument Com- 
pany, 4 Weston Avenue, ~ Newark, 
N. J.—A 24-page booklet entitled 
“Electrical Savings in Industry” 
shows how Weston electrical meas- 
uring instruments may be used to 
obtain industrial economies. The in- 
teresting part of this booklet is that 
it shows actual economies made and 
how they were located. Some of the 
economies were in power distribu- 
tion; others in the use of motors, in 
proper arrangement of motors, in a 
study of new installation, in investi- 
gations into equipment reliability and 
into the use of light, and in making 
a power survey. 


Terkelsen Machine Company, 346 A 


Street, Boston, Mass.—A folder de- 
scribes the Terkelsen machine for 
wrapping coils with a continuous 
protective strip. 


The Ransome and Randolph Company, 


Industrial Division, Post Office Box 
905, Toledo, Ohio—A folder de- 
scribes the special mica milling cut- 
ters and undercutter. 


Manufacturing Company, 
Milwaukee, Wis.—Catalog 23 gives 
the line of Wilboken electric pressure 
switches for use in controlling the 
operation of air compressors, pres- 
sure release valves with wiring dia- 
grams, or switches to be used in con- 
nection with pumps where the equip- 
ment is cut in or cut out by floats 
or pressures, and other types of con- 
trol switches. 


Brass Manufacturing 
Company, 1200 West Harrison Street, 
Chicago, Ill.—Folder 177 B covers the 
Imperial welding and cutting -equip- 
ment which uses the oxyacetylene 
process. This includes also acety- 
lene generators. 


Trico Fuse Manufacturing Company, 


Milwaukee, Wis.—A folder entitled 
“When Buying a Fuse Look at the 
Inside” describes the construction 
and other special features of the Tri- 
co renewable cartridge fuse which is 


powder filled. 
Harvey, Ill.— 


Two recent folders entitled, “Bucket- 
Handling Cranes” and “Whiting 
Power House Cranes,” illustrate and 
describe this equipment in use in the 
two fields indicated by the titles. 


William W. Nugent and Company, Inc., 


410-412 North Hermitage Avenue, 
Chicago, Ill.—Bulletin 6 describes 
the Nugent shaft oiler, a special’ oil 
can which enables the shop man to 
oil from the floor. This eliminates 
the necessity of using ladders for 
such work, and also eliminates the 
resultant accident hazard. 


Chas. 


Efficiency 
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A. Schieren Company, 30-38 
Ferry Street, New York, N. Y.—A 
series of bulletins entitled “Quality 
Facts About Belting” in looseleaf 
form will be distributed each month. 
Those requesting to be placed.on the 
mailing list for this series will re- 
ceive a binder for filing bulletins as 
issued each month. The first of the 
series on “The Buying Guide” dis- 
cusses: The economy of good belt- 
ing, its relation to production, the 
buying problem, specifications—their 
true values, and the real bases for 
selection. 


Morris Electric Products Company, 101 


Fourth Street, Peoria, Ill—A recent 
folder describes the Havens uni- 
versal lamp. This is a portable unit 
provided with five or twenty feet of 
extension cord and is provided with 
a wire guard and rotating reflector 
on a flexible gooseneck attached to 
a special grip clamp so that this 
portable lamp can be clamped on the 
work and the light easily directed 
over a wide range even in close quar- 
ters. This lamp combines porta- 
bility and control of the direction of 
light close to the work in a small 
unit that can be carried in an elec- 
trician’s or maintenance man’s 
trouble outfit. 


The Brown Hoisting Machinery Com- 


pany, Cleveland, Ohio—Booklet 10 
entitled “Man-Power Multiplied” de- 
scribes the Brownhoist No. 2, loco- 
motive cranes and shows how they 
reduce handling costs in eleven dif- 
ferent industries. These cranes are 
mounted on either “creeper” trucks 
or on four- or eight-wheel railroad 
trucks and may be used with a 
bucket, magnet or with a _ special 
gripping device for handling miscel- 
laneous material. 

Refillable Plug Company, 
43 North Market Street, Palestine, 
Ohio—A folder describes a new re- 
fillable plug fuse which is made in 
capacities of 6, 10, 15, 20 and 30 
amp. and 125 volts. Other literature 
describes the types of cartridge fuses 
manufactured by this company. 


The F. V. Edwards Company, Nobles- 


ville, Ind—Catalog C describes the 
line of “Never-Slip” friction clutches 
and couplings. These embody a spe- 
cial V-clamping device. 


T. J. Tagliabue Manufacturing Com- 


pany, 18-88 Thirty-third Street, 
Brooklyn, N. Y.—Catalog 904 covers 
the entire TAG line of industrial 
thermometers, automatic controllers, 
recording and dial indicating ther- 
mometers, vacuum gages, gas analy- 
sis recorders, oil testing instruments, 
hydrometers, laboratory thermome- 
ters and other products. 


Condit Electrical Manufacturing Com- 


pany, South Boston, Mass.—Bulletin 
No. 429-3 describes the Condit man- 
hole oil switches, type M-5 and M-6, 
of a maximum rating of 300 amp. 
and 4,500 volts. These single-throw, 
two-, three- or four-pole switches 
are provided with a detachable sup- 
porting bracket and oil well to fa- 
ga the treatment and testing of 
oil. 


Delaware Hard Fibre Company, Wil- 


mington, Del.—A folder describes 
“Egyptian” fibre, gives: its charac- 
teristics, both physical and electrical, 
stock sizes, and suggestions on meth- 
ods of working it. 





